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The Havilland Otter amphibian offers all the 


advantages the seaplane and landplane 


combined, and meets basic need for aircraft 


capable operating practically anywhere. 


The Otter available 


LANDPLANE,SEAPLANE,AMPHIBIAN 
WITH SKIS WHEEL-SKIS 


Designed and built 58-5 


THE HAVILLAND AIRCRAFT CANADA LIMITED 


DOWNSVIEW, ONTARIO 


Western Sales and Service: Municipal Airport, Edmonton, Alta. Pacific Coast Sales and Service: Vancouver, B.C. 
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Conveniently located the mid-West, the plant has 
complete facilities for all types civil aircraft 
overhaul, conversion, repair and modification work, 
including Performance Increase Kits and other 
techniques that can help you increase aircraft 
efficiency, safety, economy and profits. For 
illustrated booklet covering these and other services 
and facilities, including advanced laboratory and 
metal-testing operations, write to: Bristol Aircraft 
(Western) Limited, Stevenson Field, Winnipeg. 


Repair and overhaul transport 
aircraft. 


2—Manufacture kits and aircraft sheet 
metal assemblies. Heat treat and 
process shops. 


3—Shipping, receiving and general stores. 


areas capable handling 


6—Engineering and Planning Depart- 
ments. 


8—Taxi strip flight test hangar and air- 
port runways. 


location Winnipeg the heart the North 


American continent means extra convenience for 
great mojority civil aircraft operators. invite you 


visit our plant and inspect facilities. 
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Because the severe space limitations the Avro “Arrow”, 
Jarry Hydraulics were called upon design entirely new 
type steering system. This system*, fully developed 
our engineers, now available for aircraft all sizes. 


advantages offered: 


One cylinder and control valve 

Full steering +60° 

Automatic shimmy damping 

Quick disconnect for 360° towing 

Considerable space and weight saving 
Fully qualified MIL specs. 


The Jarry steering system, operating through the torque 
arms, can offer you these advantages well. Why not 
write for further particulars? 


*Fully patented Canada, U.S.A. and 
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Transmissibility curves for 


Mounting with new type BTR elastomer indicate that temperature extremes 


produce minimum change physical properties. 


Transmissibility 


resonance three less 68°F. lower temperatures, and 3.5 


less 300°F. 


new type Broad Temperature Range elas- 
tomer with resistance temperature extremes 
now available from Lorp Manufacturing Co. 

This new material used performance- 
proved Lorp mounting designs assure superior 
vibration isolation under severe environmental 
conditions. resistant oil and ozone, and 
functions efficiently temperature ranges from 
65°F. 300°F. Its proven mechanical proper- 


RAILWAY 


NEW GLASGOW QUEBEC NORANDA 
HAILEYBURY NORTH BAY OTTAWA TORONTO 
HAMILTON WINDSOR SAULT STE. MARIE 
WINNIPEG CALGARY EDMONTON VANCOUVER 


ties include high tensile strength, high tear re- 
sistance, and good flex life. The hysteresis 
characteristic the material eliminates the need 
for auxiliary dampers, which generate harmonics 
destructive mounted equipment. 

For further information this new 


tomer, contact your nearest Railway Power 
Sales Office. 
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Newest Member Family Greats! 


The Canadair turbine-powered with Napier-Eland engines, 

the newest member great family aircraft, and one that 
challenges any competitor short and medium route patterns. And 
yet, with all its newness, the Canadair still has behind some 
6,000,000 hours operating experience gained Convair 
and airline and military operations all over the world. 


special arrangement, Convair has transferred Canadair all 

production tooling which makes possible immediate establishment 
the production line. First deliveries the Royal Canadian Air Force will 
begin July, 1959, building delivery capacity five per month. 


addition, Canadair takes over world-wide rights for all future production 
and sales turbo-props. Your inquiries are invited. 


Limited, Montreal 


Check these important facts! 


325 mph. 

13,800 Ibs. 

Seat mile cost: approx. 1.3-1.5¢ 
Rate climb: 1200 fpm. 

48-54 

Range: 1500 miles. 

Runway 4700 ft. 

Operating altitude: 15,000-20,000 ft. 
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The 20,000 static thrust designed 
and manufactured Orenda Engines Limited. 
The engine has completed many hours running 
under high altitude and high speed conditions 
and now undergoing tests B-47 flying 
test bed. 


CAN ELIMINATE THE SHORTAGE 
PROFESSIONAL MANPOWER? 


the past six months, the Canadian public has been 
subjected barrage words from journalists, 
commentators and men public life the inadequacy 
our scientific programme and our educational system. 
The launching the first Sputnik threw the western 
world into frenzy competition competition for 
scientific and technological achievement, international 
prestige and power. The launching Sputnik, has 
done nothing else, has least made more people aware 
the necessity for taking stock our resources and 
for making plans fill the gaps. The largest gap has 
been said the lack professional manpower, espe- 
cially the areas science, engineering and teaching. 
This gap had, however, been noticeably large, even be- 
fore Sputnik sailed onto the horizon before our 
ished eyes. 1956, the Conference Scientific, En- 
gineering and Technical Manpower held St. Andrews, 
the conclusion was reached that Canada were 
graduate sufficient number engineers and scientific 


personnel look after the needs our growing 


economy, and maintain some sort equality with the 
and the U.S.S.R., should have increase our 
university population the year 1980 until reached 
375,000 even 490,000. When considered that our 
present university student population around 75,000, 
the seriousness our position seems insurmountable. 
What are the prospects? 

The statisticians tell that, simply reasons 
natural increase population, the number college-age 
young men and women will increase enormously during 
the next ten years, from 900,000 (of whom about 
attend university) 1,228,000 1965. well, the pro- 
portion these who university likely rise and, 
our society becomes more complex and technological, 
the cry for the expert, who usually university grad- 
uate, becomes increasingly clamorous. And so, 1965, 
are certain have double the present number 
students, about 150,000, our universities. Perhaps 
more will recruited through larger and more numer- 
ous bursaries and loans from governments. 

The fact has been established that greater numbers 
professional and technical people are needed; indica- 
tions are that the raw material the 21-year olds 
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will available double the present quantity. The big 
problem, then, where are these people trained? 
Can the universities accommodate this unprecedented 
number students? 


Two main areas are involved here the university 
plant and the university staff. All across the country the 
universities are planning for the required expansion and 
resorting new methods (for academics) unapolo- 
getic fund raising. Society depending the univer- 
sities for leaders, but the universities, truth, must de- 
pend society for the finances produce them. Fin- 
ances would completely solve the problem the supply 
bricks and mortar for physical expansion and would 
also much solve the problem staffing the univer- 
sities. Every university Canada has long-range plans 
for expansion its campus, and the realization these 
plans simple matter continuous supply funds 
for capital purposes. However, the staff problem more 
complex. The best, the most inquiring minds, the 
scholars the first order, are vital requirements the 
university’s business expounding the able what 
known about the great areas human knowledge and 
exploring with the able what not known. There are 
approximately 6,000 university teachers Canada today 
and 1965 there should be, the very least, about 
10,000. Where are the extra 4,000 highly-qualified teach- 
ers come from? long period post-graduate train- 
ing required for scholar qualify for university 
position. order that may able both encourage 
young graduates continue their training and lure 
established professional men back the university, the 
universities must position offer them adequate 
economic awards and social prestige. 

The money required make our universities strong 
ludicrously small when put the perspective our 
total resources. Money spent will return fantastic 
dividends trained professional manpower, in- 
formed public opinion and the development our 
cultural life. unthinkable that Canada should not 
see this opportunity and grasp quickly and firmly. 


Dr. 
President 
Carleton University 
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RCAF MITCHELL 


INTRODUCTION 


investigation into the causes ‘in flight’ 
fracture R2600-13 and -29 cylinders the 
head/barrel joint and the high incidence oil leakage 
the same location engines installed RCAF 
Mitchell aircraft, was established that overheating 
problem existed during ground operation, particularly 
under high ambient air temperatures. Under these con- 
ditions was virtually impossible keep cylinder head 
temperatures below the maximum limit during normal 
ground running, taxiing and pre-takeoff checks. 
many occasions engines have had shut down 
allow cylinder head and oil inlet temperatures cool. 


Figure 


Figure 
(right) 


result was considered most desirable initiate 
some method whereby engines could run cooler 
the ground and thus reduce the tendency for cylinder 
head loosening and possible detonation. 

Tests conducted Mitchell aircraft revealed that 
the airflow characteristics over the cylinders the 
ground were extremely poor, due largely the pro- 
peller blade root section being almost circular within 
the diameter the nose cowling. With this mind, 
Bristol Aero Engines Ltd. put forward design the 
RCAF for producing simple fan, consisting three 
separate blades which could attached the existing 
propeller hub bolts between the propeller blades. 
this means greater airflow could directed both 
the cylinder barrel and the head, thus improving the 
dissipation cylinder heat. 

trial set blades was used for experimental pur- 
poses and the results during ground running tests 
Mitchell aircraft were encouraging that further de- 
velopment the fan was immediately put hand. The 
finalized fan blade has been successfully tried out both 
the ground and flight under ambient ground air 
difficulty was experienced running engines for long 
for compass swinging and time did 
cylinder head temperatures exceed 200°C. After normal 
pre-flight ground run, taxiing and takeoff checks, head 
temperatures only reached 150°C. Tests conducted 
installed engine, with thermocouples fitted each 
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BRISTOL COOLING FANS 


RCAF Photo 


Figure 


cylinder, indicated that much 80°C reduction 
head temperatures was achieved hot running cylin- 
ders. The overall cooling effect produced was average 

Blades have already been supplied the RCAF and 
are being used service aircraft. 

Installing one set three blades the propeller 
hub requires special equipment and can accom- 
plished one man more than thirty minutes. 
Each fan blade individually balanced statically and 
consequently propeller balancing required after 
fitting the installed propeller. 


DESCRIPTION FAN BLADE 


The original set blades was constructed from 
stainless steel but, the interests saving weight, 
blade utilizing plastic material and still retaining adequate 
strength has been developed. The final configuration 
(Figure consists resin plastic (density 
ft) aerofoil section blade bonded stainless 
steel plate which bracket for attachment the 
propeller hub bolts welded (Figure 2). The plastic 
aerofoil section fully encased polyester/fibre glass 
cloth jacket, the whole being produced moulding 
and oven baking process. 

Each blade 11%” height from the centre line 
the securing bolt holes the top the blade. The 
section the blade 10%” long wide, measured 
across the chord. 

The blade core which the blade bonded consists 
1/16” gauge perforated stainless steel plate welded 
3/16” gauge bracket, the latter being accurately jig 
drilled ensure correct fit the propeller hub bolts. 
The weight complete blade 1.53 which made 
0.79 for the core and 0.74 for the blade. 

photograph the installation the R2600 engine 

Bristol Aero Engines Limited 
Montreal 
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SELECTION THE VICKERS VANGUARD 
TRANS-CANADA AIR 


Dyment* 


Trans-Canada Air Lines 


INTRODUCTION 


airlines have long programme for their 

growth. The expression “long range” relative 
the industry. With the tremendous changes taking 
place air transportation, the long range plans can 
generally only cover ten year period but, the case 
TCA, they cover plans for each year for the next 
ten years. 

When the sales forecasting operational obsoles- 
cence indicates time order new type airplane 
rather than just more the same, one does not merely 
visit few manufacturers, fly few airplanes, and 
decide which one buy. $100,000,000 may stake, 
the decision could make break any airline. 
added hazard, the airline stay anywhere near the 
forefront the industry, the decision will undoubtedly 
between models airplanes that are still the draw- 
ing board stage development. 

Experience shows that the selection study should 
commence four five years before delivery the air- 
planes required. The analysis itself can take two years 
and new types airplanes can rarely ever delivered 
within two years being ordered. 

The story how the Vanguard was selected illus- 
trates the work behind such decisions and exemplifies 
how these decisions are made today any the large 
carriers. 


INITIAL ASSUMPTIONS 


result routine discussions the forecast pic- 
ture, top management may consider that five years hence 
will the time replace existing airplanes with new 
type. Specialists from Operations Planning, Sales, Ac- 
counting, and Engineering, are then called agree 
upon common assumptions use the more detailed 
forecast studies. 

These assumptions may cover the following: 

(1) Expected economic level the country and/or 
areas. 

(2) Competitive factors. 

(3) Routes and cities served. 

(4) General type equipment being considered. 

(5) General class service provided. 

(6) General picture rates charged. 


read the Mid-season Meeting the C.A.I. Vancouver 
the 27th February, 1958. 
*Chief Engineer. 
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(7) Total passenger traffic, mail and cargo expected. 
(8) Maximum load factor desired. 

(9) acceptable approach schedules. 

(10) Likely interest rates for borrowed money. 


(11) review the Company’s objective relation 
its performance, profit etc. 


The last item should always reviewed bring the 
Company’s terms reference afresh the minds 
those who will making the study. This not simple 
looks because difficult put into words the 
extent which company’s objectives for safety, regu- 
larity, comfort, speed and economy, are compatible with 
each other and where one, for practical reasons, must 
give way another. 

generally agreed that the objective any airline 
peacetime provide faster means transporta- 
tion than any other available. the same time, wishes 
provide greater regularity and comfort than any other 
airline order keep its customers happy and 
attract new customers. All airlines wish achieve the 
ultimate safety and everything possible help 
each other attain it. 

The cost the airline’s operation will depend 
considerable extent the degree which each 
stressed. The maximum that can plowed back into 
improvements will limited another objective com- 
mon the airlines, which provide acceptable 
return the stockholders for their investment, 
provide least sufficient margin profit keep the 
airline the black considering unexpected operational 
costs that can occur any airline’s budget. 


Another duty which must covered, and one pos- 
sibly more associated with publicly-owned airline, 
provide services inexpensive possible locations 
which would benefit the country whole, although 
not necessarily economically sound insofar the airline 
itself concerned. 

The trick select airplanes that will provide 
sufficient profit the same time that the other factors 
are sufficiently acceptable most the people who 
use the airline. 


SALES FORECASTING 


Sales forecasting was mentioned. Most airlines main- 
tain continual study traffic forecasts over the next 
few years. have said, TCA does for 
period point-to-point basis. TCA not just: in- 
terested how many persons are carried between any 
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two adjacent points but very much concerned with 
the origin and destination every traveller. The travel- 
ler usually prefers fly non-stop directly his destina- 
tion. The airlines try oblige soon the number 
people wanting the same thing makes economi- 
cally possible. This point-to-point traffic analysis, over 
the whole system, prepared the Marketing Re- 

search Group the Sales Department and provides 

continual forecast the following: 

(a) Total number persons from each point having the 
same destination. 

(b) breakdown this total into traffic classes, such 
first class, tourist etc. 

(c) Minimum daily frequency service desired be- 
tween the two points. 

(d) maximum daily frequency that can achieved 
without experiencing handicaps from traffic control 
(provided the Operations Department). 

(e) Times departures desired passengers. 

(f) Amount payload reserved for mail. 

(g) Departure times desired Post Office. 

(h) Amount payload reserved for cargo. 

(i) Departure time desired cargo 

(j) leg-by-leg analysis resulting from 
movements common the various point-to-point 
demands. 


For example, Vancouver people destined for Mon- 
treal would like fly non-stop, but there are not 
sufficient passengers substantiate non-stop flight, the 
flight could stop Winnipeg and pick Winnipeg 
passengers for Montreal. Therefore, the 
Montreal leg the analysis would show two figures; 
the total number persons who could travel between 
the two cities regardless their starting point final 
destination, and the number people who board 
Winnipeg with Montreal their final destination. 


Aircraft types 

the basis first approximation the above, 
the airline generally able decide how many differ- 
ent types and sizes airplanes needs or, more 
exact, how many different types can afford. 


Apropos this, every different type airplane 
requires elaborate training programme both flight 
and ground personnel make them specialists the 
new type. Each type airplane requires further spare 
aircraft for maintenance, overhaul and operational pro- 
tection. Each type airplane requires additional spare 
engines, accessories, parts and materials. Each new type 
involves additional testing and ground 
ment. All these cost money. The worst handicap any 
airline ever had this respect was our compatriot, CPA, 
when was first founded. believe CPA originally 
owned over forty different types airplanes and en- 
gines result acquiring large number. small 
airlines. imagine the present CPA staff shudder even 
think passing through such stage. Today all 
feel badly have half dozen types look after. 

the same time, would fortunate airline 
indeed that could its job with only one type. must 
recognized that different types are required best 
meet traffic demands over the variety flight legs 


150 


comprising most airlines. For instance, TCA has flight 
legs from miles 3,645 miles length. The objective 
is, therefore, least limit the number different 
types economically acceptable minimum. 

the case TCA, although there are individual 
services, such Vancouver-Victoria, that could use 
airplane specifically designed for the purpose, the cost 
would prohibitive. believed that three general 


types airplanes will best suit the whole airline; 


intercity short haul feeder airplane, such the Vis- 
count; large intercontinental long haul transconti- 
nental airplane, such the DC-8; and intermediate 
type for major intercity medium range services for 
which the Vanguard was selected. 


Engineering data 
Just continual revisions are maintained Sales’ 
requirements, Engineering keeps continual record 
technical data, such as: 
(a) airway mileages, 
(b) runway lengths, gradients, permissible landings and 
approach clearances, 
(c) airway and airport altitudes, 
(d) airport and airway temperatures and humidities, 
route and airport wind velocities and directions, 


(f) seasonal percentile frequencies various wind 
velocities and temperatures, 


(g) hangar dimensions, and 

(h) assumptions currently used Engineering 
relation all new airplanes when studying their 
performance, weight and balance, route leg analysis 
and costing. 


Manufacturers generally try keep all the larger 
airlines abreast with their development programmes 
that any moment the airline’s Engineering Department 
can supply information about the general characteristics 
the airplanes that are likely available during the 
next five six years. 


broad picture the airline’s requirements can 
established any time, for any time over the next ten 
years, the basis the information mentioned. When 
time move ahead and actually purchase new 
type airplane, the whole organization thrown into 
gear produce more detailed information. 


PRELIMINARY SURVEY 


The Engineering Department solicits information 
from all manufacturers that are likely have something 
interesting, and thus commences the intensive study that 
may last two three years. The objective first boil 
down the types being considered few the more 
likely prospects and then compare the detailed designs 
these airplanes, step step, hoping further reduce 
the number for final consideration. 

the case the Vanguard, number airplanes 
were eliminated quite early the study which finally 
led detailed comparison two airplanes, the Lock- 
heed Electra and the Vickers Vanguard. Just when this 
was completed, number newly proposed designs 
were offered the manufacturers the Douglas DC-9, 
the Convair Skylark, the Vickers Tri-Motor, the Bristol 
420 Britannia, the Havilland Comet and, finally, the 
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Canadair CL44. The analysis was started afresh cover 
the late entries. 


add the task, almost fast conclusion 
could reached, one another the manufacturers 
would improve his design the calculations would 
started again. 

the Engineering analysis, one airplane was com- 
pared with another well against TCA’s specific 
requirements. 

The following items were covered detail for ten 
contenders, while several late starters were examined 
separately the point where they were dropped from 
further consideration unsuitable: 


Dimensions 

Weight and balance 
Aerodynamic characteristics 
Engine data 

Propeller data 

Interior layouts 
Performance 

Structure 

Powerplant 

Instruments 

Electrical 

Radio 

Hydraulics 

Surface controls 

Cockpit furnishings 

Cargo facilities 

Air conditioning 
Pressurization 
Anti-atmospheric 

Water system 

Oxygen system 

Fire protection 
Maintenance and servicing 
Weights 

Route study 

Direct operating costs 
Takeoff and landing characteristics 
Range and speed capabilities 


Standard comparison 


might interest mention that before direct 
operating costs and potential revenues could calcu- 
lated, was necessary establish set ground rules 
apply all aircraft relation their passenger 
accommodations. Originally one airplane would laid 
out with the Queen Mary steamship type thinking, 
while another would have seats jammed like com- 
muters’ train. One would have galley capable serv- 
ing convention, while another could not carry enough 
lunch boxes for picnic. TCA worked with all the 
manufacturers establishing seating configuration for 
each that would directly comparable from quality 
standpoint and, hence, would fair compare the 
resulting number passengers that each could carry 
for the quantitative analysis. 


Quantitative comparison 
The charts that resulted from the analysis and as- 
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sisted deciding which the most suitable aircraft from 
quantitative standpoint are: 


(1) Payload versus distance 
(2) Block speed versus distance 


(3) Direct operating cost per nautical mile versus dis- 
tance 


(4) Direct operating cost per available seat mile versus 
distance, for various seating configurations 


(5) Break-even passenger load factor versus distance, 
for various fare levels 


(6) Direct operating cost per available ton mile versus 
distance 


Other characteristics were tabulated for the quanti- 


tative analysis, such as: 


Takeoff distances for variations altitude, temperature 
and payload range 

Stalling speed 

Approach speed 

Landing distance 

Runway requirements all airports likely used 

Cruise fuel consumption per hour 

Holding fuel consumption per hour 

Fuel reserves available 

Fuel consumption penalties operating away from 
ideal flight plan 

Speed restrictions 

Structural strength factors and permissible operating 
pressure differential for fuselage 

One two engine out climb and cruise performance 

Component weights and tolerances demanded manu- 
facturers 

Overall dimensions existing hangar facilities 

Volumes and area for passengers, baggage and cargo 

Passenger seat dimensions, seat spacing and aisle width 

cabin and ground noise levels 


Route studies 


Route studies were next performed comparing the 
prospective airplanes over each the flight legs 
which they will likely operate. The data, covering each 
season the year, resulting from this study were tabu- 
lated follows: 


Point origin 

Origin altitude 

Destination 

Destination altitude 

Distance, origin destination 
Alternate 

Alternate altitude 

Distance, destination alternate airport 
Cruise altitude 

Cruise wind (50% used for costing) 
Alternate wind (50% used for costing) 
Block time 

Block speed 

Operational weight empty 

Payload 

Zero fuel weight 

Alternate fuel 

Landing weight 

Route fuel 

Takeoff weight 
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Takeoff runway length 

Landing runway length 

Number passengers 

Total passenger weight and baggage 

Cargo and mail weights 

Direct operating cost (DOC) per hour 

DOC per nautical mile 

DOC available seat mile 

DOC less depreciation and insurance per hour 

DOC less depreciation and insurance per nautical 
mile 

DOC less depreciation and insurance per available 
seat mile 

Break-even load factor for various fares (cents per 
seat mile) 


Direct Operating Costs 

calculating costs should noted that im- 
practical use any simple ATA SBAC formula 
compare airplanes. Costs must worked out for each 
route leg the airline using many actual costs 
possible, such fuel, crew salaries, landing fees, insur- 
ance, manufacturer’s escalation, taxes and duty, guaran- 
teed engine maintenance and overhaul material costs etc, 
plus assumptions based the airline’s own experience 
plans, such engine and airframe maintenance and 
overhaul labour cost, airframe maintenance and overhaul 
material costs, passenger service cost, depreciation per- 
iod, estimated cost modifications required the 
standard production airplane make suitable for TCA 
services etc. 

Direct Operating Costs only are considered the 
comparative analysis the allocation indirect costs 
various services within the airline would most 
difficult accomplish everyone’s agreement, but they 
should vary little the substitution one new airplane 
rather than another. assumed, therefore, that in- 
direct costs will the same for any the new airplanes 
under consideration. The actual figure for indirect costs 
only used when the total budget for the airline 
being calculated. 

One very important item operating cost the fuel 
cost and this dependent upon the type fuel selected. 
Two types, and Kerosene, were analyzed the 
basis where payload limited the landing weight, 
the maximum gross weight and the available take- 
off runway length; and checks were made ensure that 
there were other limitations from airplane stand- 
point. Initial cost, distribution costs, taxes, and the op- 
erating characteristics were considered for both types 
fuel and result TCA has decided continue 
use JP4 its turbines. 

The Direct Operating Costs determined the 
Engineering Department are the estimated costs op- 
erate each type airplane over each particular flight leg. 


Other considerations 

the basis this information, plus very com- 
prehensive qualitative assessment the detailed design 
each airplane, its control characteristics, 
its systems; plus comparative the various 
airplane and engine manufacturers their ability 
meet delivery dates and their weight and cost estimates, 
the maturity and efficiency their Customer Service 
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Departments, the experience their design staffs with 
airline requirements, the past and likely future policy 
the manufacturer would affect the airline and 
forth; most prospective airplanes can eliminated 
and the final phase the study restricted two 
three airplanes. 


result the work this point, became evid- 
ent that the designs most suitable for TCA’s particular 


requirements were the Douglas DC-9 turbojet and the 


Vickers Vanguard turboprop. 


OPERATION PLANNING 

The Operations Planning Department TCA carries 
the ball for the next phase the study applying the 
prospective airplanes and Engineering’s calculations 
the actual routes for which they would best suited 
and integrating them with the existing TCA fleet. 


For example, each the intermediate size types also 
affects differently the number smaller and larger air- 
planes required the total fleet, both initially and 
continuing integrated programme. The most efficient 
fleet size each type was determined 1956 for two 
future periods, 1961 and 1966, accommodate Sales’ 
forecasts and obligations. This long detailed process 
and based first establishing frequency pattern for 
the whole airline system. 


Frequency Pattern 

The development the service requency Pattern 
for the airline the basis Sales’ forecasts and tech- 
nical information from Engineering difficult explain. 
The general approach sure that long haul pas- 
sengers are adequately looked after because all the 
major airlines must depend their long haul routes 
support their short haul non-profit runs. 


The size the aircraft, the volume traffic avail- 
able and other factors are checked and eventually 
economical route pattern established using the larger 
the prospective aircraft. Once this established and 
there are several contenders, the next largest aircraft 
inserted into the picture and again, balancing volume 
with economics and service necessary, e.g. tourist and first 
class, Frequency Pattern developed for this type 
aircraft. review then made the minimum fre- 
quency requirements stations, and the smallest aircraft 
applied bring these frequencies least minimum 
levels. some cases, may necessary back away 
from the use larger aircraft which provides with 
one frequency per day and replace with smaller air- 
craft giving two frequencies per day. This whole 
exercise joint function between the Sales and Opera- 
tions Departments, and eventually Frequency Pattern 
for the period under consideration developed which 
has taken into consideration non-stop operations, mini- 
mum frequencies, classes service, carriage com- 
modities other than passengers etc. 


Schedule 

The Schedule basically timed Frequency Pattern. 
However, developing the Schedule may become 
necessary make slight alterations due location 
maintenance bases, routing aircraft, service the 
community and certain other factors. From this and the 
number airplanes for maintenance, overhaul and 
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erational protection, the total number aircraft re- 
quired obtained. 


Operating Plan 

The Operating Plan developed from the Schedule 
and other factors and shows the amount flying ex- 
pected done the Company for the period under 
consideration types aircraft and routes. The other 
considerations would include percentage the Schedule 
expected completed, non-scheduled flying both 
revenue and non-revenue etc. 


Budget 


The Budgets, both revenue and operating, are de- 
veloped from the Operating Plan and the Schedule. For 
example, the Maintenance and Overhaul Department uses 
almost entirely the Operating Plan figures, whereas 
station probably more interested the Schedule. 
certain long range studies, the budgeting done 
fairly high level and would not sent, for example, 
the stations. 

The results, course, are strictly arithmetic 
summation the Budget. They are, obviously, quite 
important and because the results obtained may 
necessary back and alter certain things. some 
cases, may necessary right back the be- 
ginning and alter some the assumptions. other cases, 
may only necessary alter some the financing 
procedures; possibly the Schedule the Frequency Pat- 
tern needs changed. While altering the plan 
improve the results may seem complicated, can 
usually done quite simply provided the revisions are 
not too drastic. 


EVALUATION RESULTS 


After establishing the optimum plan and costs for 
fully integrated fleet, assuming the DC-9 one instance 
and the Vanguard the other, meeting was held with 
all Operations Department heads results. 
The following summarizes the conclusions 
meeting: 


Advantages Vanguard design 


(1) Full payload may carried either 
cargo, any combination the two space 
available. (More flexible cargo during off-hours 
for passengers. 

(2) More economical short ranges. 

(3) Wider fuselage, six-abreast can used under 
certain circumstances. 

(4) Better Viscount replacement good operational 
flexibility from 200 2,500 miles. 

(5) Will definitely built and available winter 
1960-61 ordered soon. (By this time Douglas had 
become doubtful that the time was ripe build 
the DC-9 originally hoped. still later date 
and after TCA had selected the Vanguard, the 
Douglas Company decided postpone the DC-9 

(6) Lower ground noise and less fatigue problems 
from engine noise. 

(7) Lower approach speed (10k), (25% higher max 
lift coeff), and better wave-off characteristics. 
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(8) Require fewer changes airport facilities. 

(9) Can operate fairly long haul services until traffic 
volume builds sufficiently permit DC-8’s 
take over service, thus enabling size DC-8 fleet 

(10) Better cockpit. 

(11) Transition flight crews easier from Viscounts. 
(12) Easier ground handling (Sta. service a/c). 

(13) Can utilize Viscount ground power. 

(14) Cost less affected ATC restrictions and weather. 
(15) Cost less affected change fuel price. 

(16) More conventional. 


Advantages DC-9 design 

(1) Faster, smoother, greater sales appeal. (Approx. 
150 mph faster.) (No vibration induced props.) 

(2) Less likelihood competitive obsolescence. (As 
flying just under speed sound, next jump must 
supersonic.) 

(3) More economical long ranges (over 500 miles). 

(4) Douglas Company more experienced depth 
design, service experience, delivery dates, air- 
line know-how etc. 

(5) Lower direct operating costs TCA from the 
standpoint common mechanical know-how and 
facilities. 

(6) Lower indirect and maintenance capital costs due 
similarity with DC-8. 

(7) Improved mechanical regularity due a/c and en- 
gine design and common knowledge with DC-8. 

(8) More background Avon type engine. 

(9) Cheaper and easier introductory programme. 

(10) Public relations advantage more cities served 
jets etc. 

(11) Using equipment common with other American 
airlines. 

(12) Common schedules times with DC-8 (e.g. Toronto- 
Tampa). 

(13) Transition flight crews easier 

(14) Reduce maintenance run-up noise problem. 

(15) More choice engines. 

(16) Less possibility interference international 
situation (mid-East crisis existed the time). 

The advantages and disadvantages delaying de- 

cision were also discussed the meeting and was de- 

cided that the selection had made not later than 

November 1956, considering delivery dates required. 


DECIDING FACTORS 


Although most department heads probably started 
with preference for the DC-9, view 
TCA having already ordered its blood brother the 
DC-8 after all factors had been considered and 
weighed, became progressively obvious that the Van- 
guard was the more practical choice for the job that 
had done TCA. The six strongest points favour- 
ing the Vanguard are follows: 


(1) Predominant leg length 


result the study integrating the DC-9 
the Vanguard with TCA’s existing fleet Vis- 
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counts and DC-8’s, surprising result evolved. 
was found that, considering the amount traffic 
that would actually carried this intermediate 
type airplane, its most influential flight leg length 
would the neighbourhood 350 miles rather 
than over 500 miles originally expected. This 
shorter predominant leg length was due the very 
heavy traffic over the triangle Montreal-Toronto- 
New York. 


The net result was that, with both airplanes 
carrying the same amount traffic, fleet Van- 
year cheaper than fleet DC-9’s. This large sav- 
ing operating costs will result lower fares and 
improved service being given the travelling pub- 
lic than could done with the pure jet DC-9. 


High-density suitability 

The trend traffic increase accompanied re- 
duced fares points the need for high-density 
passenger airplane many relatively short flight 
legs. There will real need for airplane cap- 
able carrying least passengers many flight 
legs initially planned for the Viscount. these 
legs will generally below 400 miles, large- 
fuselage, propeller-turbine airplane will much 
better able provide these services, when needed, 
low cost. 


High-density capability 

The width the fuselage the Vanguard such 
that six-abreast seating could installed for future 
short high-density flight legs and thus increase still 
more the economic advantage the Vanguard. 


— 


Cargo capability 

The large capacity the belly cargo compartments 
the Vanguard make this airplane much more 
flexible its ability handle heavy cargo and mail 
loads off-hours from passenger standpoint, and 
thus should enhance the utilization the airplane 
the intercity services where passengers general 
avoid flying between 11.00 and 7.00 am. 


(5) Noise 


There will less likelihood TCA creating 
noise problem the smaller airports with the Van- 
guard than with the DC-9. 


— 


Take-over from Viscount 


Another key the unanimous decision for recom- 
mending the selection the Vanguard was the 
belief that TCA will best served buying 
Vanguards for its medium range services, which air- 
planes will gradually take over services now planned 
for the Viscount soon traffic density permits, 
even the extent pushing certain number 
Viscounts out the bottom for sale. the other 
hand, believed that the DC-8 will prove most 
capable taking over services initially planned for 
the Vanguard soon traffic density the need 
for increased speed dictates. 


this whole study, must always remembered 
that any figures quoted relate the design the DC-9 
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and Vanguard they existed when the analysis was 
made. Designs are continually changing the manufac- 
turers make improvements satisfy new prospective 
customers. Also, the study was made determine the 
airplane best suited TCA’s particular fleet require- 
ments. Other airplanes could well more suited the 
needs other airlines. 


DESCRIPTION THE VANGUARD 


Let now consider briefly what the Vanguard 
like. The following table illustrates few its chief 
characteristics: 


Span 118 
Wing area 1,529 
Overall length 122 
Height 
Gross takeoff weight 135,000 

(structurally good for 141,000 Ib) 
Landing weight 114,000 
Zero fuel 105,500 
Operational weight empty 80,000 
Maximum payload 25,500 
Space limited payload 32,000 
Cargo volume 1,360 
Number passengers: 

two-class airplane with 

tourist seats 5-abreast and 

first class seats 4-abreast 
Normal cruise speed 425 mph 
Approach speed 138 mph 


Ultimate range: 
with full payload 


with full tanks and 
16,200 payload 


with payload 
Fuel capacity 


2,650 miles 


3,450 miles 

3,700 miles 

39,000 

5,100 Imp. Gals 
JP4 (wide cut gasoline) 
Rolls-Royce Tyne 
producing 4,500 shp, 5,000 eshp 


Type fuel 


Powerplant 


Normal cruising altitude 20,000 
pressure 6.55 psi 
8,000 the cabin 30,000 alt 
Runway takeoff length 6,200 
Runway landing 5,500 


The Vanguard very definitely not blown-up 
version the Viscount but completely new 
design from scratch, based upon the experience that 
Vickers-Armstrong has gained from the Viscount turbo- 
prop operations throughout the world. 


Description the Tyne 


The heart any airplane its engine. The Rolls- 
Royce Tyne, like the airplane, new design based 
the years experience operators throughout the 
world with the smaller Rolls-Royce Dart propeller 
turbine engine. The design the Tyne was started 
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1953 and the first engine was run the spring 1955. 
Improvements the design have been made continually 
since that time greater experience was gained with 
Darts and Avons. The Tyne will start commercial op- 
erations with three times the power the Dart and 
40% lower specific fuel consumption. 

The Tyne comprises: 

Ten small combustion chambers 

single-stage high pressure turbine, driving 
nine-stage high pressure compressor 

three-stage low pressure turbine driving six- 
stage low pressure compressor and propeller 
reduction gear which drives the propeller 
0.064 times the low pressure shaft speed. 

Cooling the turbine blades and nozzle guide vanes 
outstanding feature the design. 

The first and second stages the low pressure com- 
pressor rotor and stators are heated compressed air 
for de-icing. Intake duct struts are heated oil for 
de-icing and the leading edge the cowling de-iced 
electric elements. 


The engine controlled simple, single lever 
with “black box”. 


Water not required for takeoff under hot day con- 
ditions. 


DELIVERY DATES 


conclusion, might interest mention that 
Vickers expect fly their first Vanguard this fall, with 
the completion Certificate flight 
trials eighteen months later. They expect have six 
airplanes ready for delivery BEA when the 
granted around March, 1960. BEA have twenty Van- 
guards order with option for five, and TCA has 
order for twenty with option for four. 

Because the magnitude the training involved 
introducing the DC-8’s into TCA’s fleet early 1960, 
TCA will not able take delivery Vanguards until 
near the end that year. TCA expects operate its 
1961 summer service with combined fleet twenty 
Vanguards, six DC-8’s, fifty-one Viscounts and re- 
ciprocating engined airplanes. This, believe, will 
the first all-turbine fleet the world. 
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YEAR two ago, instrument called Doppler 
Sensor might easily have been taken device 
intended contact the now long-departed spirit John 
Christian Doppler. Today, all know, course, that 
Doppler Sensor device which has captured the 
spirit Herr Doppler rather more useful, less 
tangible, way. 

now quite well known, the Doppler Sensor 
directed making the dead reckoning process air 
navigation more accurate. The essentials this process 
are found the classical velocity triangle shown 
Figure The object this process is, course, find 
the magnitude the groundspeed and the direction 
the track. Evidently, four quantities are required, 
namely: 

(i) wind speed 

(ii) wind direction 

(iii) true airspeed, and 

(iv) heading. 

Since there are doubtless meteorologists their 
friends the room, will suffice for the moment say 
simply that some these four quantities are generally 
known with better accuracy than others, and that the 
net result estimate groundspeed and track which 
not sufficiently accurate for present-day navigational 
requirements. 

What then does the Doppler Sensor do? Briefly, one 
may say that makes direct and relatively very ac- 
curate measurement groundspeed and drift angle 
which may substituted for knowledge the first 
three the above four quantities, leaving one dependent 
only the additional knowledge heading order 
carry out the dead reckoning process. The new situation 
given Figure which shows that track obtained 
simply adding the directly measured drift heading, 
with groundspeed directly measured quantity in- 
dicated previously. fact, use now made true 
airspeed, becomes possible calculate the wind 
velocity with accuracy considerably better than had 
previously been available, but this not strictly part 
the dead reckoning problem. worthwhile ob- 
serving here that all the equipment for making the 
measurements confined the aeroplane. ground 


read the Mid-season Meeting the Vancouver 
the 28th February, 1958. 


*Special Assignments Engineer. 
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THE DOPPLER SENSOR AIR 


wind \ 
DIRECTION \ 


GROUND SPEEO 
SPEED 


HEADING 


Figure Figure 
Classical velocity triangle Doppler velocity triangle 


facilities any type are required and the device 
completely self-contained. 

primary object, course, talk about the 
errors which are characteristic Doppler Sensor. 
With the foregoing sketch where this instrument 
fits into the navigation scheme, should like now 
outline briefly the method operation typical 
Sensor system that there will enough background 
provide suitable picture when discussing errors. 

How, then, does Doppler Sensor work and what 
does consist of? Figure serves introduce the essen- 
tials. The aircraft carries microwave transmitter and 
receiver. Working with suitable antenna the trans- 
mitter radiates frequency, say toward the earth, the 
radiation being confined narrow beam means 
the antenna. 

The earth reflects portion the radiation back 
the receiver which receives frequency The 
difference, between the transmitted and received fre- 
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quencies is, according the theory the Doppler 
effect, measure the groundspeed the aircraft, the 
exact relation being given Figure Representative 
numbers would be: wavelength cm, depression angle 
70°, shift groundspeed 175 kts. The fore- 
going assumes that drift occurring. Figure shows, 
however, how drift measured. 

measure drift, two beams are radiated, one the 
left and one the right, both, course, depressed to- 
ward the earth for groundspeed measurement. 

The drift system permanently zeroed the 
ground with the antenna positioned radiate the 
right and left beams symmetrically about the fore and 
aft axis the aircraft. 

When, flight, wind causes the aircraft drift, 
say, the right, the track will closer the right 
than the left beam. result, the component 
groundspeed sensed the right beam will larger than 
that sensed the left beam, and the Doppler shift 
the right beam will larger than that the left 
beam. 

The next stage the operation shown Figure 
Here, the antenna has been rotated until the Doppler 
shift the left beam equal that the right beam, 
which condition the beams are symmetrical about the 
track. The angle through which the antenna turned 
from its zero is, clearly, the drift angle. 
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flight, the antenna automatically rotated keep 
the beams symmetrical about the track, that, assuming 
proper zeroing, the angular position the antenna gives 
continuous and direct measure drift. Under these 
conditions, the Doppler shift either beam can used 
measure groundspeed, even when drift occur- 
ring. Figure shows block diagram Sensor the 
type outlined the foregoing. 

With this much background should now pos- 
sible get down the business errors associated 
with Doppler Sensor. The sources error are divided 
into three groups follows: 

(1) aircraft sources error, 

(2) external sources error, and 

(3) actual Sensor sources error. 

might expected, will develop that these 
sources are not entirely independent, but the above 
grouping will, nonetheless, prove quite useful the fol- 
lowing discussion. 


AIRCRAFT SOURCES ERROR 

The error sources the aircraft can divided into 
two general types, namely aircraft rotation and aircraft 
translation sources. the rotation group there will 
pitch, roll and yaw and the translation group there 
will climb. happens, very convenient 
analytically combine the effects pitch and climb 
and the aircraft error sources will, therefore, treated 

(a) pitch and climb, 

(b) roll, and 


(c) yaw. 
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Pitch and Climb 

Looking the problem purely common sense 
basis for the moment, evident from Figure that 
the accuracy the system will relatively poor be- 
cause both pitch and climb have the effect changing 
the effective value the depression angle Quite 
straightforward analysis the situation shows that the 
groundspeed error per cent about twice the differ- 
ence between the climb and pitch angles degrees. This 
shown graph Figure These errors are, 
course, quite large (even the antenna kept horizontal 
stabilization) and must reduced some way. 
Possibly the most satisfactory way bringing this error 
within tolerable limits use, addition the for- 
ward pair beams, backward beam pair 
backward beams. Figure shows side view this 
arrangement, and Figure plan view. such 
arrangement, the Doppler shift the left front beam 
added the shift the right rear beam and this sum 
shift taken measure the groundspeed. The same 
done for the other two beams. Drift operation the 
same with just two beams, but using the two sum 
frequencies instead the two single frequencies. This 
simultaneous use forward and backward 
beams frequently called Janus operation. 

Figure shows the new per cent groundspeed error 
due pitch and climb, with the error for the previous 
type system shown dashed for comparison. Evidently, 
the antenna now levelled with accuracy +1°, 
combined pitch and climb errors will not exceed 0.25% 
for climb angles 


Roll 

order appreciate the nature the roll error, 
simplest first consider the situation which 
drift exists. If, under these conditions, the aircraft rolls, 
the beams will move over the surface cone which 
has the velocity the aircraft for its axis. The point 
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notice here that since with roll the beam continues 
make the same angle with the velocity the aircraft 
with roll, the frequency shift for given ground- 
speed will not change. Thus there error, either 
drift groundspeed, due roll when there drift. 

When there drift, the situation little different, 
because the roll longer about the axis the an- 
tenna. The roll must, therefore, resolved into com- 
ponent about the axis the antenna which yields 


error, and component normal the axis 


which simply pitch error. For drift angle and 
roll the pitch component simply 
sin 

when and are not too large. is, therefore, possible 
use the graph Figure give per cent ground- 
speed error the above expression used convert the 
roll the effective pitch angle the antenna for, say, 
the maximum drift. 

Since large roll angles not normally persist for 
periods, evident that extremely small errors 
(less than 0.1%) would normally result from aircraft 
roll. 


Yaw 

Yaw will, general, cause error groundspeed, 
since the Doppler Sensor will simply record yaw 
drift, which is, indeed, correct when combined with 
the heading output the aircraft compass produce 
track. Notice, however, that wind computed from 
yaw angle reported drift angle 

These make the sources error which can, 
our sense, attributed the aircraft. Summarizing the 
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results, appears that, with Janus operation, possible 
obtain groundspeed accuracies the order 0.25% 
the climb phase, and considerably better than this 
more less level flight when normal conditions exist. 
“Normal” here has essentially airline connotation, 
since the military connotation has somewhat more 
ramifications than can treated here. 

Next the list sources error are external 
sources and these will now discussed. 


EXTERNAL SOURCES ERROR 

The external sources error can divided into 
three general types, namely 

(a) land, 

(b) sea, and 

(c) cloud. 


Land 

As. happens, the reason for including the land 
source error not because there actually any 
known error source associated with the land, but because 
there exists such strong superficial tendency believe 
that there should such error. Usually, this very 
strong tendency manifests itself question, such 
happens when the airplane flies over hill? Does 
the slope the hill affect the accuracy groundspeed 
measurement?” was once told engineer from 
well-known electronics firm that was the wrong 
answer this question that prevented his firm from ever 
trying make Doppler Sensor many years ago. 
turns out, course, this sort terrain irregularity does 
not affect the accuracy the groundspeed measurement. 


This very important result due the fact that 
the scattering process, which yields the wave reflected 
back the airplane, quite random one, both space 
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and time-wise, with the consequence that extensive 
slopes, such hills, are lost the essentially noiselike 
character the signal. For error result, would 
necessary for the scatterer smooth the scale 
the transmitted wavelength over the extent the area 
illuminated the beam. This, wavelength cm, 
for all practical purposes impossible. 

This might sound like very wise doctrine, but the 
professional navigator, well the engineer, will want 
know anyone ever checked all this. The answer, 
fortunately, yes, and even are right for the 
wrong reason, appears that we’re right. 

much then for the land and error that might 
have been. 


Sea 

Next the list external sources error the 
sea, and here find sources that might have been worse 
and some that might have been better. There are four 
sources error associated with the sea follows: 

(i) wave motion, 

(ii) wind driven spray, 

(iii) currents, and 

(iv) scattering effects. 

The errors associated with wave motion appear 
very small and have not, the best knowledge, 
been conclusively demonstrated. This allows one 
that they are, all likelihood, below The reason 
for this due the fact that wave motion does not 
itself lead any mean flow along the surface. Thus, 
waves would tend make the measured groundspeed 
value oscillate slightly, but should have little effect 
mean groundspeed and virtually effect computed 

The effects wind-driven spray are, however, not 
negligible. Here the effects appear amount about 
10% the surface wind. quite easy see why 
the effect groundspeed should only small fraction 
the surface wind, since the presence spray the 
reflections still tend come from the water surface 
below the spray with relatively small reflection occur- 
ring from the spray itself. Thus, the measured ground- 
speed tends weighted only slightly toward the 
value which would measured the wind-driven spray 
were the only reflector. attempts are made 
correcting for this effect, groundspeed errors much 
kts would result when flying over areas with surface 
winds kts. the surface winds were right 
angles the track, there would primarily drift 
error, which will vary inversely with the groundspeed 
and which would amount about for groundspeed 
about 200 kts. 

The third source error associated with the sea, the 
scattering error, somewhat more obscure than either 
the previous two. can get the reasons for the 
error via Figure 11, which shows the dependence the 
backscattered power the angle incidence which 
transmitted beam makes with either land sea. num- 
ber features these errors are interest. First, the 
scattering from the land essentially independent 
angle indicated the two horizontal lines. contrast 
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with this, the scattering from the sea dras- 
tically with the angle incidence and, furthermore, the 
rate variation depends upon the sea state. The ground- 
speed error mentioned previously comes about fol- 
lows. Since over the land the scattering independent 
incidence angle, the depression angle associated with 
the transmitted beam can taken the angle asso- 
ciated with the direction maximum intensity the 
beam, which can very accurately controlled. How- 
ever, over the sea, the angular dependence the back- 
scattering tends weight the effective intensity 
maximum toward the vertical and the effective de- 
pression angle increased; that is, the Doppler shift 
associated with given groundspeed becomes lower over 
the sea than over the land. This would trouble 
enough, but add little further complication the 
amount which the shift lowered for given speed 
dependent the sea state. 


Figure summarizes this situation and shows not 
only how the groundspeed error depends sea state, 
but relates the effect the actual width beam trans- 
mitted for quite typical depression angle 69°. These, 
incidentally, are calculated errors, based the data 
Figure 11. 

appears that for beam widths between and 4°, 
which are quite typical, errors between and are 
expected over the more likely range sea states. 

The procedure adopted the design man 
Sensors is, therefore, so-called 
switch, the function which change the ground- 
speed calibration about 1.5% when the aircraft 
over the sea. This leaves possible error about 0.5% 
groundspeed, depending the sea state. 

should noticed that since the determination 
drift requires only that the right and left frequencies 
equal, there drift angle error associated with 
scattering effects over the sea. 

The sea scattering error almost certainly the most 
serious and troublesome error associated with Doppler 
Sensor, since the error persistent fixed percentage 
and the continuing increases aircraft speed not 
minimize the problem the case with, say, wind 
driven spray, which simply comparatively rare 
maximum error kts. 
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Cloud 

come now the last external source errors 
clouds. this area, there appears lack both 
reliable analysis and adequate measurements. Certainly 
there exist cloud conditions which might expected 
cause errors, but these conditions are not expected 
either very frequent very extensive. This ex- 
pectation appears borne out the now rapidly 
accumulating mass experimental data Sensors, but 
does appear that anything approaching final opinion 
the point will have wait for about another year. 
Essentially, the same situation exists for the effects 
rain for clouds simply more experimental results 
are required. 


ACTUAL SENSOR SOURCES ERROR 

There are five main sources error which stem 
from the Sensor itself. These are follows: 

(a) Beam Geometry 

(b) Transmitter Frequency Control 

(c) Tracking 

(d) Groundspeed Analog; and 

(e) Installation 


Beam Geometry 


There are two quantities which, between them, tell 
most this part the story. The first 4.5% per 
degree which the error rate associated with typical 
depression angle about 70°, and the other 0.1° 
which the general order economically practical 
manufacturing accuracy for the antenna system. ap- 
pears, therefore, that one might expect beam geometry 
errors about 0.4%. 


should noticed that this generally permanent 
error built into the antenna and can removed 
calibrating procedure, which sometimes done more 
conveniently the factory but sometimes done the 
aeroplane. 


Transmitter Frequency Control 

This might first sight appear problem, since 
the Doppler shift inversely proportional the trans- 
mitted wavelength. However, two solutions exist. The 
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first, which frequently quite feasible, simply use 
oscillator with stability of, say, 0.1%, which not 
too difficult obtain. The second solution relies 
designing the antenna such that the frequency sensitivity 
the depression angle just balances off the effect 
the frequency change itself. This error, then, need not 
exceed about 


Tracking 

Before discussing tracking errors, would doubtless 
some value point out that there very real 
sense which possible say that the basic quantity 
measured Doppler system the distance moved, 
rather than the velocity motion. This can readily 
appreciated, since the Doppler frequency propor- 
tional the speed, then the number Doppler cycles 
which occur certain time will simply proportional 
the distance travelled that time. well known, 
possible build essentially error-free cycle counters 
and the number Doppler cycles occurring some 
interval can counted with error remaining only 
the measurement the time interval. 


Since one the recurring questions dead reckon- 
ing “How far have gone since started?”, the 
number Doppler cycles that have occurred since 
starting are direct interest. Stated somewhat differ- 
ently, would sufficient simply count Doppler 
cycles and not worry about the actual Doppler fre- 
quency all. 

What have done this line argument, 
course, virtually arrive the definition that 
essential part Doppler Sensor known the tracker. 
is, fact, the part which takes the so-called “raw 
noisy Doppler” from the receiver and puts out cleaned- 
and frequently counted down version that essen- 
tially noise free. The output the tracker then simply 
total ground miles flown, unresolved direction. 
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The question now relates the errors that are 
usually committed the tracking operation. This, 
turns out, can made relatively accurate process, 
errors being kept generally well below 0.1%. 


Groundspeed Analog 

groundspeed output, whether the form 
pointer, synchro, shaft-driven counter other type 
instrumentation, will always rely fundanientally 
analog conversion from the tracker, since there exists the 
basic dimensional problem going from (miles per 
hour) per (cycles per sec) (miles per hour) per 
(degree), say, the case rotating pointer. 

can, therefore, stated quite generally that the 
per cent error groundspeed pointer (or shaft-driven 
counter) will always exceed the per cent error the 
tracker miles output. With reasonable care, possible 
keep this analog transfer error about 0.5%. 

This suggests that for computing present position 
would more accurate use the tracker output rather 
than, say, the ground speed pointer output, and this 
fact sometimes done. 


Installation 

The main source error the installation process 
associated with ensuring that the zero reference for the 
drift system and the aircraft reference for the compass 
system coincide. With care, this can held 
about 0.25°. 

This completes the rather long list errors which 
are associated with this device. hope is, however, 
that the multiplicity the errors will not obscure their 
smallness, but rather convey the very considerable 
amount thought and work that have gone man 
parts the world order make possible the really 
quite remarkable instrument which now have 
Doppler Sensor for air navigation. 
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ELECTRONICS AND TRANS-CANADA AIR LINESt 


Campbell* 
Trans-Canada Air Lines 


the years association with aeronautical 

electronics, both Military and Civil, has been said 
repeatedly that electronics the “nerve” system air- 
borne operations. The role electronics has been con- 
stantly increasing importance this field. Nor the 
application electronics any longer confined air- 
borne operations; electronics are being used widely 
airline reservation systems, airline accounting systems, 
logistics and for scheduling and planning the opera- 
tion airlines. would like review briefly the various 
electronic systems employed TCA and cover 
greater detail few the electronic systems recently 
developed and likely incorporated our 
operations. 


Before World War II, when thought aero- 
nautical electronics, probably envisaged simple 
air/ground communications channel low, medium 
even high radio frequencies and probably some point 
point communications, again employing low, medium 
high radio frequencies and radio telegraph techniques. 
The only electronic assistance aerial navigation 
general use the scheduled airlines was the ADF re- 
ceiver, again employing low and medium radio fre- 
quencies. Prior 1945 can, therefore, envisage 
scheduled aircraft carrying dual LF/HF receivers and 
transmitters, possibly channels each, and dual ADF 
receivers indicate bearings from low frequency 
ranges, low frequency radio beacons broadcast 
stations. 

The great increase airborne operations following 
the war created new problems safety and air traffic 
control which could only met increased and im- 
proved communication and navigational aids. 


The rapid increases the VHF and UHF fields dur- 


ing World War did much improve the effectiveness 
electronics for civil aviation and might interest- 
ing review the various electronic systems now used 
our long range aircraft. 


AIR/GROUND COMMUNICATIONS 


100 watts radiated power 
Receivers 144 discrete channels 
mc/s 
VHE/Transmitters/ watts radiated power 
Receivers 360 discrete channels 


spacing 


+Paper read the Mid-season Meeting the Vancouver 
the 28th February, 1958. 
*Director Telecommunications. 
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INTERCOMMUNICATION 


All aircraft are provided with transistorized inter- 
communication facilities permit signalling 
cussion between all crew members. 


NAVIGATION 
Dual ADF receivers 
Dual VOR receivers 


Loran receiver and 
indicator 


108 118 


Long range hyperbolic naviga- 
tion system 
mc/s, 300—1,000 nautical miles 


Radio altimeter Pressure pattern flying. 
Difference between absolute 
and pressure readings re- 


ferred charts. 


Marker receiver Operating mc/s and indicates 
lights when the aircraft 
passes over locations 


ground transmitters. 


ILS Receiver Indicates lateral reference 
runway. 

Glide Slope provides vertical 
glide angle reference. 

Marker Beacon indicates dis- 
tance from runway 


points approach. 


Dual Gyro Magnetic 


Usually mounted wing tip 
Compasses 


tail area free from mag- 
netic disturbances and can 
kept accurate approxi- 
mately 1°. 


Magnetic Compass For standby 


Provides altitude and azimuth 
stars, sun moon, 
which position relative 
earth can determined 
from charts. 


Sextant 


IAS and Temp TAS These systems are not very ac- 
curate; the order 
5%. 


WEATHER AVOIDANCE 


All modern aircraft are being equipped with nose 
weather radar enable the pilots avoid areas 
thunderstorm heavy precipitation 
bulence. 
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POINT POINT COMMUNICATIONS 


Until about three years ago, most our routine 
point point traffic was handled via teletype, using the 
“torn tape” relay method. This involved our traffic ar- 
riving Switching Centres where the individual mes- 
sages were torn manually from the tape and inserted 
manually the appropriate circuit for delivery. 
replaced this manual system with Western Union Plan 
54, semi-automatic teletype switching system. With few 
exceptions, this system serves all our domestic and U.S. 
stations and eliminates the need for any manual relay 
our point point traffic. operator the Switch- 
ing Centre simply reads the address the teletype tape 
and presses the appropriate button buttons direct 
the message the address addresses concerned. The 
semi-automatic system has been very satisfactory and, 
besides resulting considerable reduction personnel, 
has speeded our message handling time where 
can now expect minute service from any point our 
system any other point served. give some idea 
the volume involved, handle some 40,000 messages 
per day the domestic system. 


Some four years ago, with the increased speed our 
aircraft and the increased number aircraft our 
operations, found that many cases written com- 
munications were too slow for the efficient operation 
the airline and installed two private, long line tele- 
phone circuits, from coast coast, one for reservations 
and the other for operations. These course were 
addition the teletype circuits previously discussed. 
Despite the high cost these facilities, are convinced 
they pay their way tangible savings, improved effi- 
ciency and service the travelling public. 

For communications between Canada and Europe, 
have recently leased teletype channel the new trans- 
Atlantic telephone cable between Montreal and London 
and, needless say, the service this facility ex- 
cellent. Our traffic and from other 
relayed London and handled leased commercial 
aeronautical circuits. 

also participate shared aeronautical teletype 
network serving Florida, from where our traffic and 
from the points serve the Caribbean relayed. 
Similarly, participate shared aeronautical tele- 
type channel between New York and Bermuda. 


TCA maintains ground radio station each domes- 
tic station serve. These are principally VHF stations 
for air/ground service but high powered installations 
are also provided our main Flight Dispatch Centres. 
These are required for direct communications with our 
aircraft flight for company operational control pur- 
poses, but provide service other scheduled, 
non-scheduled and itinerant operators with these facili- 
ties, under contract. the present time have con- 
tracts with other operators for such service. These 
ground radio stations are designed for unattended opera- 
tion and are maintained from the Telecommunications 
Shop Dorval. also maintain fully equipped Tele- 
communications Laboratory Montreal, concentrating 
principally airborne equipment problems. 
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NEW DEVELOPMENTS 
Communications 


present the trend VHF air/ground com- 
munication for domestic service but, course, high 
frequency required for international communication. 
Much effort being exerted increasing the reliability 
these equipments and reducing their size and 
weight. Excellent progress being made in. these fields, 
indicated the fact that the high frequency com- 
munications equipment our 
craft weighs 457 pounds that our DC-8 will weigh 
196.5 pounds. Similarly, the VHF installation the 
Super-Constellation weighs pounds that the DC-8 
will weigh pounds. 


New developments the application Single Side 
Band communications are being followed with interest 
but implementation airborne equipment 
utilizing these principles foreseen. Automatic data 
transfer also being actively investigated and will 
evaluated the very near future. 


Airborne Radio Teletype 


For some three years TCA and BOAC, behalf 
the majority North Atlantic scheduled airline opera- 
tors, have been evaluating airborne radio teletype for the 


reception ground air communications the trans- 
Atlantic region. 


you are aware, this particularly difficult region 
for the propagation high frequency radio communi- 
cations. When moved from operation 
the area 1954, became quickly evident that RT, 
despite its other operational advantages, was not good 
medium for the handling the large volume one- 
way, ground air communications, particularly meteoro- 
logical information. Such meteorological information and 
flight advisory messages are actually required written 
form maximum value; for example, such in- 
formation often transmitted from the ground the 
aircraft when the crew are busy with other duties and 
not position physically copy it. These require- 
ments led our investigation and now have low 
frequency broadcasts frequency shift radio teletype 
made from one station the east coast Canada and 
one station Scotland. 


This development has proven very reliable and satis- 
factory all respects. Continuous overlap provided 
the centre the Atlantic the two ground stations, 
even during periods blackout, and are con- 
vinced that there certainly future for this service, 
particularly that area. have provided for this 
equipment our future trans-Atlantic aircraft and other 
North Atlantic airlines are now equally interested. The 
technical evaluation the system complete and all 
that remains operational evaluation determine 
what types traffic can best handled this medium. 


Navigation 

present large number new navigation devices 
and systems are under development and evaluation the 
industry, some which are: 

TACAN 
VORTAC 


ATC Beacon 
Decca 

Dectra 
Navaglobe-Navarho 
Cytac 


Doppler Navigation 
Inertia Navigation 


regret say that some twelve years’ associa- 
tion with civil aviation have not removed one single 
communication navigation service from the aircraft, 
although have installed systems which are lighter 


and more compact than the original. how- 


ever, that cannot continue install system after 
system our aircraft the expense payload. the 
same time, have aircraft order which will 
flying speeds between 500 and 600 miles per hour 
1960. This increases the ATC problem drastically and 
emphasizes the need for the more accurate maintenance 
given tracks. the above systems, the Doppler 
self-contained system which shows great promise 
providing with accurate information without depend- 
ing ground installations. are presently evaluating 
Canadian Marconi Company Doppler system which 
itself provides with ground speed and drift angle 
directly. require some further computations be- 
fore can depend this system solely and Computing 
Devices Canada Ltd. have provided with small 
electronic computer for this purpose. The combined 
units are installed one our Super-Constellation air- 
craft and the system evaluation will completed during 
the next few months. our sincere hope that this 
system may eliminate some the duplicate systems 
must carry today and, addition saving payload, 
will provide with greater accuracy and reliability, 
anywhere the world, than the various combinations 
now have use. 


Automatic Reservations 

have been concerned for many years with im- 
proving our reservations service, both from the point 
view offering better service the public and 
filling those empty seats which often appear the 
time that the flight departs. The inherent slowness 
communications across system wide-spread ours 
certainly important factor and, some four years ago, 
the Telecommunications Department were asked 
investigate this broad problem. soon became ap- 
parent that satisfactory reservations system must, 
addition keeping the seat inventory always 
the second, provide continuous statistical information 
enable better plan our procedures, schedule times, 
size aircraft etc. reviewed the systems being de- 
veloped the United States and Europe and felt that 
while they might satisfactory job keeping the 
inventory they were not designed provide the statis- 
tical information needed badly for planning pur- 
poses. Accordingly, had outside study undertaken, 
following which raised development contract with 
Ferranti Electric Toronto. make long story 
short, jointly developed what consider 
very satisfactory solution this large problem. The 
system built around “agent sets”, which have called 
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Transactors, and will outline you briefly how the 
system operates. The Transactor mark sense device 
which reads pencil marks made card which in- 
serted therein. interesting note that the device 


card reader and that electronic 
mechanical scanning the card takes place. The card 
firmly clamped when actuates the microswitches 
the base the slot and marks are detected some 
300 precious metal reading heads built into the face plate 
the slot. Marks detected are converted coupler 
high speed binary code, which transmitted 
telephone circuit the central electronic computer 
our Reservations Centre. The computer makes the 
search instructed the marks and transmits reply 
which results the card which was originally inserted 
being punched. The card becomes the local record and, 
course, the space later cancelled the same card 
located the file and cancel mark drawn through 
the instruction “cancel”. The card inserted again into 
the Transactor and the computer removes the original 
sale from the inventory and punches the card “can- 

during peak periods maximum seconds. For any 
transaction made anywhere the system record 
maintained the computer, either the form 
punched cards magnetic tape, that statistical 
information readily available required. inter- 
esting note that the system not limited simple 
inventory control nor, fact, airline reservations. 
prefer think the system general purpose busi- 
ness transactor rather than specialized reservations 
system and have been careful build the neces- 
sary flexibility insure such the case. For example, 
will necessary many occasions change our pro- 
cedures and this can readily accomplished this sys- 
tem simply reprinting the card and reprogramming 
the central computer. Cards are provided for “reading 

flight arrival and departure information. Once this 
done, any Transactor the system can secure the 
latest information immediately. Control cards are pro- 
vided that seats flight can added removed 
required. Manifest load information can inserted 
means card and this same information read 
any Transactor the system when required. This sys- 
tem now stands appears meet fully the needs 
TCA the reservations field and, while plans for its 
production are far from complete, there possibility 
may first install prototype installation the Van- 
couver-Victoria-Seattle routes. 

would also like mention that our Comptroller’s 
will shortly installing electronic computing 
systems for inventory control, payroll calculations and 
various report functions. 


CONCLUSION 


conclusion, sure you will agree with that 
can truly said that electronics are finding very 
important place every department the airline and 
that the trend towards the use electronics the 
airline business certainly the increase. 
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INVESTIGATION JET MUFFLER 


Royal Canadian Air Force 


SUMMARY 


wide angle diffuser for reduction the noise jet, 
taking advantage the law, was combined with short 
length augmentation system, which, full scale muffler, would 
provide cooling air flow the diffuser. 


large reduction velocity and small cooling air flow 
were attained when screens were used prevent separation 
flow the diffuser. The experimental results, when compared 
with current literature, indicate that grids rods pipes (which 
could cooled internally) would also provide satisfactory re- 
sistance. However, the experiments, which may not repre- 
sentative, indicated pronounced noise augmentation when rods 
were used. 


the frequency bands which are interest, the noise level 
the model was higher than that the free jet. However, 
the main noise source was found inside the muffler. 
appears possible reduce its output aerodynamic 
means, and further decrease the radiated sound acoustic 
treatment. 


INTRODUCTION 
muffler design for ground running 
jet aircraft was tested for aerodynamic and acoustic 
performance. There were two main considerations the 
design: first, reduce the jet noise intensity, which 
varies the velocity the jet the eighth power, 
expanding the jet large cross section and low 
velocity; and second, provide cooling air flow that 
material used the muffler would not have highly 
heat resistant. For reasons economy would 
advantageous keep the size small possible. was 
expected that the muffler would produce great deal 
noise internally; therefore, some means absorbing 
this noise must included the design. 

keeping with these considerations, air augmen- 
tation system with very short mixing length was 
selected which used wide angle diffuser decelerate 
the flow. Because the short mixing length, any re- 
sistance used the diffuser full-scale muffler 
improve its performance would subjected high 
temperature, especially along the centre line the jet. 
Therefore, the use rods (which could pipes con- 
taining cooling flow) place screens appeared at- 
tractive. 

Initially asymmetric design which did 
not perform satisfactorily, the flow was separated. 
symmetrical model was then built that the effect 


10th March, 1958. 
*Logistics Coordination Staff, Air Materiel Command Head- 
quarters. 
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Figure 
Muffler models (A) Asymmetric (B) Axially symmetric 


wide angle diffuser, when used air augmenta- 
tion system, could studied separately from the prob- 
lem flow asymmetric diffuser (Figure 1). Finally 
screens were used when the rod patterns which were 
tried failed eliminate flow separation the diffuser. 
Thus the investigation was extension and combination 
the work wide angle and air 
augmentation 

Two basic designs air augmentation are available: 
constant pressure and constant area mixing lengths. The 
constant area system employed herein. This system 
shown Reference theoretically better, espe- 
cially when low efficiency diffuser employed. 


LIST SYMBOLS 


diameter 
pressure 
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| 
(A) 
: 
AS 
A 4s° 
H 3: i 
Oy, 
LEP 
i 
01 2 3 


q 


dynamic pressure 

velocity 

distance measured downstream along centre 
line jet axis 


Subscripts 

atmosphere 

jet 

stations model 
static 


TEST FACILITIES 

Air was supplied blower through settling 
chamber six inch diameter axially symmetric nozzle. 
The maximum velocity the jet was 213 ft/sec. 

The asymmetrical and symmetrical muffler models 
were similar design. both, the ratio mixing-tube 
area jet-cross-section area was 2.4, the total included 
angle the diffuser was 45°, and the expansion ratio 
was The walls were gauge perforated metal sheet 
open) with inch thick outer covering 
Fiberglas. The rods used were 3/16 inch diameter steel. 
The screens were meshes per inch 0.013 inch wire 
giving solidity blockage 63%. The screens were 
attached the wall simply bending the outer edge 
the screen that formed flange and bolting the 
flange the diffuser downstream the screen. There 
was some slack the screen. 

existing constant area duct inches inches 
was used determine the resistance coefficient the 
grids and screens which were used the 

Conventional static and total pressure probes were 
used make traverses across and along the length 
the model. micromanometer capable measuring 
0.001 inch water was used for all aerodynamic 
measurements. General Radio Sound Level meter, 


‘ 


4-02 Ftser 
‘ - 


Figure 
Static pressure profiles 
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Figure 
Velocity profiles 


Altec-Lansing condenser microphone and Muirhead 
Wave Analyzer were used for the acoustic measure- 
ments. 


EXPERIMENTAL PROCEDURE 
Aerodynamics 

Initially attempt was made obtain diffuser 
efficiency (defined static rise divided 
kinetic energy drop) 35%. Distributed rods and grids 
rods that were expected have enough resistance 
prevent flow separation and result this efficiency 


were tried both models and the flow pattern was 
checked. 


None the rod distributions, even when quite dense 
(69% blockage three stations) provided sufficient re- 
sistance prevent flow separation the diffuser. Finall 
screen combinations were tried until satisfactory flow 
was obtained using two screens, one area ratio two 
and the other area ratio four the symmetric model. 
Traverses were made one diameter four stations 
and two diameters the outlet (Figures and 3). 
The pressure probes were kept parallel the centre 
line after tests showed that difference reading 
could measured while rotating the probe from parallel 
the centre line parallel the flow. Static and total 
head measurements were made also along the centre line 
and one wall the diffuser (Figure 4). 


Acoustic 

reverberant room was used compare the noise 
power output the free jet with that the muffler 
model (Figures and 6). The room was not calibrated 


the present equipment place that the values 


are comparative only and should not taken absolute 
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Figure 
Static pressure along centre line and one wall 


values. One-third octave band sound spectra were taken 
with the microphone three different locations the 
room. differences were noticeable between results 
the different locations, except very low frequencies. 
Also measurements were made the pressure level out- 
side the boundary the jet and along the outside 
the diffuser. The acoustic equipment was calibrated be- 
fore and after each run. 


Resistance Coefficients Rods and Screens 


The tests which were made determine the resist- 
ance coefficients the screens and grids are reported 
Reference The method Reference was found 
predict resistance coefficients accurately. However, 
was noted that the calculated resistance coefficients 
must based the blockage two separate grids 
space, the direction flow, exists between rows 
rods making grid. For example, the grid which 
was tested was made two rows 3/16 inch rods, 
one row horizontal and one vertical with 3/32 inch 
gap between rows. Total blockage was 65%. The calcu- 
lated resistance coefficient considered one resist- 
ance 3.9, and considered two resistances 2.11. The 
test value was 2.05. This low value resistance 
doubt the reason for the unsuccessful performance 
the diffuser when rods were used. 
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RESULTS AND DISCUSSION 
Aerodynamic 

Reference theory developed for predicting 
the aerodynamic performance the model. The in- 
duced flow (approx 13% the jet flow) approached 
the theoretical prediction. Certainly the augmentor- 
diffuser worked well reducing high speed jet 
low speed movement air, indicated the velocity 
profiles Figure Indeed the diffuser could cut 
off the area ratio four and still provide adequate 
theoretical noise reduction; this station the flow has 
approximately 1/10 the speed the free jet, providing 
interesting note Figure that the slope the 
centre-line pressure follows the theoretical slope reason- 
ably well, and that there drop pressure the 
wall just inside the diffuser inlet. This good indica- 
tion that the flow has separated from the wall the 
sharp corner, would expected. 


Reverberation level 


Jet 93db. (SLM) 
x Muffler 86 db. LM) 


‘Ss 


HH 


1000 10,000 
frequency cycles/sec. 


Figure 
One-third octave pressure spectra for the jet and the muffler 


x/dy 


Figure 
Pressure fluctuation levels along the edge the 
jet and one side the muffler 


167 


\ 
\ 
\ \ 
' 
' 
1.0 
4 
0.6 
Screens ——— 
/ © wall «--.-. 
0.2 
) 
ar. 
120 
SPL 
Reverberant level 
JET : 
100 
2 4 6 8 10 


Acoustic 

The model had been designed for investigation 
the aerodynamic performance wide angle diffuser 
combination with air augmentation system. There 
was virtually acoustic treatment. When the aero- 
dynamic performance appeared quite promising, was 
decided check the acoustic performance. Figure 
shows comparative sound spectra the jet with and 
without the muffler, taken with the microphone one 
position the reverberant room. obvious that from 
20,000 cycles/sec the produces higher 
noise level than the free jet. Yet the measured overall 
sound pressure level the muffler (86 db) lower than 
that (93 db) for the free jet. appears (see below) 
that the free jet must produce very strong peak under 
cycles/sec, below the range the spectrum analyzer; 
this peak, which carries the bulk the noise energy 
must strongly attenuated when the muffler fitted. 


Evidence for the existence such sub-audible 
noise peak was obtained follows: 

The filters the sound level meter were used 
attenuate frequencies above 4,000 and below 800 
cycles/sec. effect, the energy below 160 cycles/sec 
and above 8,000 cycles/sec was cut out completely. 
Under these conditions, the sound level meter read 
for the jet and for the muffler. The noise level 
obtained integrating across the spectrum, which re- 
sulted from adding the filter corrections the original 
readings, compared within with the sound level 
meter readings. Thus the filtering out noise below 
cycles/sec, the lower limit the spectrum analyzer, 
brings the results line with the overall readings. The 
high end the frequency spectrum such low 
energy level that has little effect the overall noise 
level. 


calculation was made which the reverberation 
chamber with the door open was considered Helm- 
holtz resonator. The calculated resonant frequency was 
9.8 cycles/sec. seems entirely possible that the inferred 
low-frequency peak was excitation this resonance, 
with without essential modification wall flexure 
deflection around the door where the jet exhausted. 


Figure provides some information about the loca- 
tion the main noise source since indicates maxi- 
mum pressure level the region the diffuser 
entrance. Inferences should drawn with caution, how- 
ever, since the near field pressure level not measure 
noise power output per unit area. The aerodynamic 
indication separation (see Figure the diffuser 
inlet, however, makes the point worthy further in- 
vestigation. The difference peak pressure level 
Figure also noteworthy and could indicate that 
with acoustic treatment larger decrease could 
obtained. The addition heavy outer wall would 
reflect some the sound energy and result more 
noise being absorbed the acoustic liner. The addition 
splitter plates constant diameter section, such 
used Reference would expected further 
improve the acoustic performance. 


When rods grids were used the diffuser very 
high noise level resulted, probably due Aeolian 
similar mechanism. 


CONCLUSIONS 

(1) Wide angle diffusers which use resistance pre- 
vent separation can made perform satisfactorily 
system with air augmentation. 

(2) The large reduction velocity which was 
achieved suggests that the configuration 
for development into successful jet muffler. 

(3) The specific areas requiring further investigation 
are: 

(a) the source the noise within the par- 
ticularly the flow separation the diffuser inlet. 

(b) methods absorbing and 
acoustic energy generated within the muffler, e.g. acous- 
tically lined splitter plates cylindrical extension; use 
more massive muffler walls. 


(c) problems related cooling, i.e. increasing in- 
duced air flow increasing length mixing tube, the 
use high-temperature screens, the use grids 
water-filled tubes instead screens. 

(d) effects associated with overchoked jets. 
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TECHNICAL FORUM 


Pioneer Aviators 


uncertainty regarding the name the first British 
subject fly powered aircraft has last been 
clarified. 

Our own (Casey) Baldwin, the first Canadian 
pilot powered heavier-than-air machine, believed 
himself have been the first British subject fly. This 
belief was probably based the rather general im- 
pression that prevailed the time his flight, and since, 
that Henry Farman was Frenchman. 


Farman have made more than fifteen 
flights ranging from 100 300 metres over the parade 
ground Issy les Moulineaux, France, the 25th Oc- 
tober, 1907. His first officially recognized flight was 
made the 13th January, 1908, when flew closed 
circuit kilometre win the Prix Deutsch-Arch- 

Farman was born Paris the 26th May, 1874, the 
son British subject who settled Paris the repre- 
sentative London newspaper. Henry Farman, now 
aged and ailing, has lived France ‘all his life, speaks 
French preference English, has thoroughly French 
sympathies and tastes and said have rather resented 
any suggestion that was Englishman. 

employed the French form Henri rather than 
Henry and indeed marked his aeroplanes. 

However, The London Gazette, the 17th Sep- 
tember, 1909, this notice appeared: 

“Whitehall, September 16, 1909 

The King has been pleased give and grant unto 
Henry Farman Esq., His Majesty’s Royal License and 
authority accept and wear the Cross Chevalier 
the Legion Honour conferred upon him the 
President the French Republic recognition 
valuable services rendered 


1920 Farman was issued British passport. 
reported have become naturalized Frenchman 
1937. 

These significant facts establish beyond doubt that 
Farman, the time his first flights, was British 
subject and hence the first British fly 
heavier-than-air aircraft. 

The Gorell Committee, set 1928 the Royal 
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Aero Club Great Britain, established* that Lt. Col. 
Moore-Brabazon made the first flight 
heavier-than-air aircraft British subject the British 
Isles the 2nd May, 1909. 


Cody, United States citizen the time, made 
the first successful officially recorded sustained flight 
aeroplane Britain the 16th October, 1908. The 
date 16th May, 1908, the plaque near Cody’s tree 
Farnborough has recently been found error and 
changed’. 


McCurdy made the first flight British 
subject the British Empire powered aeroplane 
Baddeck the 23rd February, 1909. 

Casey Baldwin was the first Canadian fly heavier- 
than-air machine the 12th March, 1908, Ham- 
mondsport, N.Y., and probably the seventh man fly 
such machine. His was also the first public flight 
America. The flight was unique that preliminary 
ground runs unsuccessful attempts were made and 
Casey did practicing with the machine. The Red 


Wing was taken out the ice, Casey climbed and 
took off. 


Casey retains the mean distinction being the 
first Canadian aviator; distinction whose prestige will 
enhanced the years by. 

The achievements Baldwin and McCurdy in- 
trepid pioneer Canadian aviators, the first design and 
build aeroplanes Canada, and with many other firsts 
which reflect credit Canada and Canadian engineers 
should suitably recognized joint monument 
erected Canadian technical societies Baddeck 
front the Graham Bell Museum. our roll that 
the sons Martha, let least place permanent 
record the work some the sons that roll. 


Ottawa Parkin 
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INSTRUCTIONS CONTRIBUTORS 


The Canadian Aeronautical Institute invites the submission papers, articles and technical 
notes for publication the Canadian Aeronautical Journal. Following the practice other 
societies, the Institute does not pay for contributions. 


Authors should prepare their material accordance with the following directions: 


Manuscripts. Manuscripts should 

(a) Typewritten, double-spaced, 

(b) one side white paper, 

‘c) With wide margins, approximately 14”, and 
With pages numbered consecutively. 


Manuscripts must final form; the addition material 
after acceptance the Institute cannot permitted. 


Titles. The following form should invariably adopted:— 

(a) Titles should brief; 

(b) The name and initials the author should written 
(Rank title preceding the name e.g. Wing Com- 
mander Dr., should included but abbreviations 
degrees etc., after the name, should 

(c) The name the organization with which the author 
associated should shown under his name; and 

(d) The author’s position the organization, referred (c) 
above, should shown footnote the first page. 


Summaries. Each paper should preceded summary 
(a) 100 300 words, (10 lines, double-spaced), 
(b) non-specialist language, far possible, 

(c) Stating the main conclusions the paper. 


Sub-Headings and Paragraph Numbering. Sub-headings should 
inserted the author frequent intervals. Paragraphs should 
not numbered. 


References. References referred the author should 

treated thus:— 

(a) References should numbered consecutively throughout the 
paper; 

(b) allusion reference should indicated bracketed 
numeral e.g. “It has been shown Dr. James (7) 


(c) Direct citation reference the text should written 
full, e.g. “As shown Reference (7) and 
References should grouped together numerical order 
the end the paper, each showing 
first, the numerical designation, e.g. “(7)”. 
second, the author’s name, e.g. “James, T.” 
third, the title his work, e.g. “Aerodynamics and Ballistics” 
fourth, the title, volume, issue no, and date identifying the 
publication which appeared, e.g. “R.B.S. Journal, 
Vol. No. 77, July 1907”. 
Journal, Vol. No. 77, July 1907.” 


Footnotes. Comments amplification the text should 

given footnotes, appearing the bottom the appropriate 

pages. 

(a) Footnotes should designated alphabetically and consecu- 
tively throughout the paper; and 

(b) reference footnote the text should indicated 
bracketed letter, e.g. “omitting consideration the third 
power (c)...” 


Figures, Tables and Equations. Reference the text 

(a) Figures and Tables should given full, e.g. “Figure 7”, 
but 

and (6)”. 
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Drawings. Drawings should 

(a) Individually identified Figure Table number, 
<b) Not larger than 12” 16”, 

(c) black ink white paper tracing cloth, and 


(d) Capable being reduced wide without loss legi- 
bility lettering other detail. 


Photographs. Photographs should 

(a) Black and white, glossy prints, and 

(b) Individually identified Figure number, written 
separate piece paper affixed the back: writing the 
back the photographs should avoided. 


Captions. Each Figure and Table should identified caption, 

addition its number, e.g., “Figure Theoretical lift distri- 

bution”. 

(a) The caption Table should shown the top the 
Table; 

(b) The caption Figure should shown preferably outside 
the boundary the Figure; and 

(c) complete list Figure and Table captions should given 
separate sheet the manuscript. 


Mathematical work. Only the simplest mathematical expressions 
should typewritten; others should carefully written ink. 


Mathematical work should 

(a) Uncrowded—plenty space provided accom- 
modate directions the printer—, 

(b) Repeated separate sheet the manuscript, again un- 
crowded and with plenty space around each expression, 

(c) Clearly written distinguish between like symbols. e.g. 
between zero and the letter and between Greek and 
English letters similar form, and 

(d) Accompanied manuscript “index” the Greek letters 
used the paper, identifying each letter name, e.g. 
“a—alpha”. 
addition the following practices should adopted: 

(a) Simple fractions appearing the text should shown with 
solidus, e.g. A/(B+C) rather than 

B+C 

(b) Complicated expressions should identified some con- 
venient symbol, necessary avoid repetition the whole 
expression; and 

(c) Complicated subscripts and exponents, and dots 
over letters symbols should avoided. 


Symbols and Abbreviations. Consistency important; 

(a) The symbols recommended the American Standards Asso- 
ciation “Letter Symbols for Aeronautical Sciences” ASA 
Y10-7—1954 should used wherever practicable; and 


(b) Abbreviations units should shown lower case without 
periods, e.g. lb, mph, bhp, etc. 


Mailing. Papers should mailed The Secretary, Canadian 
Aeronautical Institute, Commonwealth Building, Metcalfe St., 
Ottawa Canada. 


(a) Drawings and photographs may mailed rolled flat, not 
folded; 


(b) Manuscripts should mailed flat. 
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SECRETARY’S LETTER 


50th ANNIVERSARY GUEST 


December mentioned that the Institute was 
member organization known the National 
Coordinating Council for the Golden Anniversary 
Flight Canada. That organization has developed stead- 
ily since was formed, setting appropriate commit- 
tees and promoting the formation so-called Local 
Committees various centres aeronautical activity; 
each Local Committee supposed locally what 
the National Coordinating Council trying na- 
tionally, that coordinate any celebrations its 
member organizations that they will not conflict and, 
perhaps, work out some combined operation suitable 
this significant anniversary. 

this connection, would urge the newly elected 
Executive Committees all our Branches recognize 
that they are heading into ordinary year. They should 
some planning now with view introducing some 
rather special events into their programmes, beginning 
January 1959. 

Anyway, what was leading when started, 
was explain that, the Institute’s contribution the 
work the National Coordinating Council, have 
offered office space its manager, Coordinator. 
W/C Harold Pearce was appointed this post and took 
his duties the beginning April. are very glad 
have him sitting corner our Headquarters and, 
from the way things have been going, will have 
plenty coordinating do. 


HALIFAX-DARTMOUTH 


The Chairman the Halifax Local Committee 
this Golden Anniversary business CDR Morris, 
who also Chairman the CAI 50th Anniversary Com- 
mittee. the 16th April, went Halifax see him 
and attend the Annual General Meeting the 
Halifax-Dartmouth Branch. 

spent the morning with CDR Morris and the Pro- 
vincial Travel Bureau. When were staging the Mid- 
season Meeting Vancouver last February, had 
taste Provincial enthusiasm, that instance about the 
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B.C. Centennial. seems that next year shall 
through similar experience, the other side the 
country, with our 50th Anniversary Flight. 

the afternoon attended meeting CDR Morris’ 
Local Committee; and the evening the Branch Annual 
General Meeting. Even this Branch Meeting the 
Golden Anniversary pursued me; for there met Mr. 
Hardman Moncton, who representing the CAI 
the Moncton-Amherst Local Committee. 

The Halifax-Dartmouth Branch, under the Chair- 
manship Mr. Garrard, has nearly doubled its 
membership during the one year which has been 
existence. very good show, considering how long 
took get that Branch started. Which bears out 
contention that, almost every centre aeronautical 
activity, the interest exists and requires only little 
organization. 


LIST MEMBERS 


enable give date details the List 
Members, which will issued later this summer, 
members are asked complete and return soon 
possible the “buff cards” recently distributed them. 
These cards provide annual check the particulars 
listed Headquarters records and they are quite im- 
portant us. member does not return his card, 
can include only his mailing address the List, since 
this the only information about him that know 
with any certainty. 


this connection, would remind 
cronies that not make this list personally; neither 
can check all. they want listed properly they 
must treat impersonal machine that has 
memory and distrusts the current validity last year’s 
records. So, please, send those cards. 
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Programme 
May 26th Morning 9.00 a.m. Afternoon 2.30 p.m. 
BUSINESS MEETING 
HONOURS AND AWARDS 
President 
Royal Canadian Air Force Chairman 
Annual Reports the Council G/C 
and the various Committees President, Canadian Aeronautical Institute 
Honorary Fellows 
May 26th Morning 10.45 a.m. McCurdy Award 


TEST PILOTS SECTION 


Chairman 


PROPULSION SECTION 


Acting Chairman 


Chief Controls Development Engineer 
Orenda Engines Ltd. 


ENGINEERING ADMINISTRATION 


Chairman 


Service Management 


W/C Goss 


Some Applications Parkinson’s Law 


Brirron 


Chief Flight Operations, Avro Aircraft Ltd. 


Annual General Meeting Business Session 


Annual General Meeting Business Session 


Project Manager, CL-41, Canadair Ltd. 
The Arrow Weapon System and Organization for 


President, Canadian Aeronautical Institute 


Branch Head, Office the Assistant the 
Chief Aeronautical Engineer, RCAF 


Chief Administrative Engineer, Orenda Engines Ltd. 


(Casey) Baldwin Award 
and 
The Rupert Turnbull Lecture 


Some Recent Aids Aircraft Design 


Dr. 


Director and Chief Engineer 
Bristol Aircraft 


Evening 7.00 p.m. 


DINNER 


Chairman 


G/C 


Address 
The Role Science Defence 


ZIMMERMAN 


Chairman, Defence Research Board 
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May 27th Morning 9.00 a.m. 


PRODUCTION ENGINEERING 

} 

Chairman 

Vice-President, Manufacturing, Canadair Ltd. 


Tooling Approach the Avro Arrow Aircraft 


Assistant Production Engineering Manager 
Avro Aircraft Ltd. 


Problems Precision Production 


Chief Engineer, Aviation Electric Ltd. 


Birth STOL Gear 


VADEBONCOEUR 


General Manager, Jarry Hydraulics 
Division Jarry Automobile Ltée. 


DESIGN AND APPLICATION COMPUTERS 


Chairman 


Research Officer, National Research Council 


Electronic Computers Aviation Industry 


Canadian Regional Manager, ElectroData Division, 


Burroughs Adding Machine Canada Ltd. 


Applications Large Scale Digital Computer 
Aircraft Design and Development 


Chief Digital Computing, Avro Aircraft Ltd. 


Computer Application Fuel System Design and Development 


Chief Performance Engineer, Lucas-Rotax Ltd. 


The Application Analogue Computers Guided 
Missile Design 
Computer Engineer, Electronics Div., Air Armament Dept. 
Canadian Westinghouse Company Ltd. 
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May 2.00 p.m. 


GROUND EQUIPMENT 


Chairman 


G/C 


Senior Logistics Coordinating Officer 
Air Materiel Command Headquarters, RCAF 


RCAF Emergency Runway Barrier Development 


Officer Commanding Airworthiness Projects 
RCAF Central Experimental and Proving Establishment 


Weapon Systems Ground Support 


Jr. 


General Manager, Consolidated Diesel Electric 
Corporation Canada Ltd. 


Aircraft Carrier Equipment 


Assistant Chief Naval Technical Services (Air), RCN 


VTOL/STOL 


Chairman 


Orr 


Director Engineering Research 
Defence Research Board 


Some Aerodynamic Characteristics Wing-Mounted Lifting 
Fans for VTOL Applications 


Research Engineer 


Research Engineer 


Division Mechanical Engineering 
Research Council 


VTOL Configuration Studies 
ScHAEFER 
Chief Engineer, Aircraft 


Senior Engineer, Preliminary Design 
Canadair Ltd. 


Experimental Techniques the Development STOL Aircraft 
Dr. Jounston 
Aerodynamicist 


Dr. 
Aerodynamicist 


DeHavilland Aircraft Canada Ltd. 
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MEETINGS 


ANNUAL GENERAL MEETING 


giving the full programme 
the Annual General Meeting have 
been sent all members the Insti- 
tute; the programme also set out 
the preceding two pages. 


ABSTRACTS 


The following are abstracts some 
the papers presented the An- 
nual General Meeting. 


The Arrow Weapon System and 
Organization for Service Management 


W/C Goss RCAF 


order keep pace with advancing 
technology, has become necessary 
adopt the weapon system concept the 
RCAF. Basically, this has placed the 
RCAF the dual positions customer 
and weapon system manager. 


Simultaneous fulfilment each 
these roles achieved through organiza- 
tion; compatibility each with the 
other assured through the establish- 
ment realistic technical goals the 
one hand and customer satisfaction 
fulfilment the other; and workability 
the organization with the goals estab- 
lished and the limited RCAF manpower 
resources achieved through the use 
various ‘tools’ organization. 


the foregoing the basis the 
general problem, the particular prob- 
lems which have confronted the RCAF 
its search for management for the 
Arrow Weapon System are presented 
along with their solutions. 


Tooling Approach the 
Avro Arrow Aircraft 


The paper outlines the basic approach 
tooling the Avro Arrow aircraft from 
the original lines information supplied 
the engineering division through the 
various phases detail and assembly. 

Brief mention made some the 
major problems which occurred during 
the programme and some indications are 
made the attempts lower the tool 
build cost through the increased stand- 
ardization major jig frame members. 
The effect this standardization 
interchangeability also mentioned and 
the interchangeability requirement, es- 
sential the first Arrow aircraft, 
also outlined. 
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Problems Precision Production 


The paper presents philosophic ap- 
proach problem which, let it, 
becomes more and more difficult 
solve. The technical problems which 
limit our abilities produce are being 
rapidly lost maze intricate mental 
barriers built the product today’s 
specialization. The ability for the spe- 
cialist recognize the true problem 
becoming increasingly difficult due 
the trend and demand for ultra special- 
ization. 

Unanimity and mobility mind and 
skills can help make full use 
our Canadian industrial potential. 


Birth STOL Gear 
Vadeboncoeur Jarry 


The title the paper used refer- 
ence the DHC-4 (Caribou) main and 
nose landing gear. The paper will cover 
the proposal and subsequent design, to- 
gether with the production proto- 
type and qualification STOL gear. 
Tooling and production will also 
covered. the production phase, major 
details being machined for the CL-28 
Argus will highlighted. 


Electronic Computers Aviation 
Industry 


Glinski ElectroData 


The paths successful finished pro- 
ducts aeronautical engineering usually 
require large volume routine com- 
putation. not surprising, therefore, 
that the aircraft industry was one the 
first avail itself electronic com- 
puters produce economically fast and 
accurate answers. 

The purpose this paper dis- 
cuss several subjects, some them con- 
troversial, the field automatic com- 
puting, such the advantages analog 
versus digital computation, evaluation 
economic and time-saving features 
computer use, selection the size 
computer installation and organization 
computer facility. 


Applications Large-scale Digital 
Computer for Aircraft Design and 
Development 


The digital computer may con- 
sidered one the most exciting de- 


velopments our generation. large 
measure credit for the present wide- 
spread use digital computers must 
given the aircraft industry which 
very early applied them its many 
problems and gave impetus their de- 
velopment. 


digital computer facility has been 
available the engineer Avro Air- 
craft for several years. Recently, with 
the addition IBM Type 704 com- 
puter, the capacity this facility was 
greatly increased. 

This paper reviews number the 
major applications computers the 
aircraft design field and seeks em- 
phasize the essential nature this equip- 
ment for the modern engineer. 


Various aspects the problem 
utilizing large scale computer with 
optimum efficiency are also presented. 


Computer Application Fuel System 
Design and Development 


The problem turbojet engine con- 
trol briefly outlined. Several possible 
approaches control solution are dis- 
cussed, then one version the fuel 
system described. Dynamics the 
basic element any hydraulic control 
system are examined. few typical 
problems are discussed and applicable 
computer solutions are included. 


the second part, turbojet engine 
dynamics are studied both from the 
analytical and from the experimental 
point view. Different levels engine 
simulation are discussed. more de- 
tailed description “economy” en- 
gine simulator given. 


short examination the 
cance the computer contribution 
fuel system design and development 
the paper. 


The Application Analogue 
Computers Guided Missile Design 


Kozak Can. Westinghouse 


The analogue computer, account 
its inherent capability providing 
continuous time-solutions problems 
dynamics, made-to-order device 
for the mechanization complex dy- 
namic systems. The guided missile, 
prime example advanced systems en- 
gineering, would not have reached its 
present stage development without 
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parallel sophistication the analogue 
computer art. Many aspects guided 
missile systems may simulated, en- 
abling both preliminary design and sub- 
sequent check-out actual hardware. 
These aspects range from stability and 
trajectory studies the inclusion 
physical hardware into simulated loops. 
this latter category, the analogue 
computer may provide signal inputs 
missile amplifiers and servos, through 
auxiliary apparatus operate missile con- 
trol surfaces, actuate hydraulically 
operated flight table mock-up 
flight conditions. Other aspects, such 
the vindication navigation laws, de- 
termination stability and perform- 
ance trends result component 
tolerances, and the need for more 
sophistication design the redund- 
ancy some components are readily 
ascertained through the judicious use 
analogue computers. 


RCAF Emergency Runway Barrier 
Development 


Recent jet fighter operational experi- 
ence has focused attention the run- 
way overshoot problem. The nature 
the problem and the solution, the emer- 
gency runway barrier, are considered 
detail. 


Reference made the USAF 
chain-type energy absorber which was 
evaluated the RCAF possible 
solution. The CEPE analytical and ex- 
perimental studies the problem are 
reviewed and the inadequacy chain- 
type arresting engine for heavy aircraft 
proved. 


The testing hydraulic arresting 
engine described and 
given the potential this facility 
for arresting the 

brief outline. the problems 
the barrier engaging mechanism in- 
cluded well some predictions 
the configuration the engaging me- 
thod anticipated for the CF-105. 


Finally, few remarks are made con- 


APPOINTMENT NOTICES 


The facilities of the Journal are offered 
free charge individual members the 
Institute seeking new positions and Sus- 
taining Member companies wishing to give 
notice of positions vacant. Notices will be 
published for two consecutive months and 
will thereafter be discontinued, unless their 
reinstatement specifically requested. 
Box No., which enquiries may ad- 
dressed (c/o The Secretary), will be as- 
signed each notice submitted 
individual. 


The Institute reserves the right decline 
any notice considered unsuitable for this 
service temporarily withhold publica- 
tion circumstances demand. 
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cerning the feasibility civilian appli- 
cations the barrier for commercial 
airliners. 


Weapon Systems Ground Support 
Louv, Jr. Cons. Diesel Electric 


The paper defines weapons system 
applies aircraft, missiles and 
ground support. The operation and 
maintenance concepts ground sup- 
port equipment are discussed covering 
types equipment, power sources, mo- 
bility, manpower savings, cost savings 
and multi-purpose requirements. 


outline given the military 
approach applied the USAF and 
the RCAF with emphasis the 
This outline followed discussion 
the cross-utilization ground sup- 
port equipment various Canadian 
systems. 

Finally the author asks and answers 
the question “why overall coordina- 
tor?”, relating his answer the phasing 
support equipment programme, 
overdesign for the future 
gramme planning based upon horizontal 
rather than vertical authority. 


Aircraft Carrier Equipment 


the main, this paper will con- 
cerned with the equipment fitted 
aircraft carrier which enables the opera- 
tion modern aircraft from mobile 
landing strip less than 800 length. 


will the angle deck, arresting 
and barrier gear, the steam catapult and 


mirror landing sight. 


Due time limitations and security, 
technical and performance details will 
limited that necessary give 
members understanding the op- 
erating principles involved. 


Some Aerodynamic Characteristics 
Wing-Mounted Lifting Fans for 
VTOL Applications 

Wardlaw and 


Wind tunnel. force 
have been carried out wing-fan 


Positions Required 


Box 104 Purchasing Administration: 
Purchasing man with years experience 
the aircraft accessories field requires 
position. Willing relocate anywhere. 


Positions Vacant 


Technical Assistant: exists 
for Technical Assistant with back- 


combination; the high-solidity fan was 
embedded two-dimensional sym- 
metrical wing with the fan axis normal 
the wing chord-plane. 


Results are discussed and compared 
with simple momentum theory, with 
project studies. Over limited range, 
fan power and model force measure- 
ments provide 
with theoretical predictions. 


understanding the flow the 
vicinity the fan facilitated sur- 
face pressure measurements and water 
tunnel flow visualization studies. 


method applying the results 
performance analyses considered. 


VTOL Configuration Studies 


Schaefer and 
Irbitis Canadair 


comparative study was made 
five VTOL aircraft configurations for 
assumed transportation mission. Op- 
erational characteristics and economy 
were used basis for comparison. 
the same time, appreciation the 
required research and development pro- 
gram was attempted. 


The following configurations were 
investigated: 


(1) Deflected propeller slipstream 

(2) Tilting propellers and wing 

(3) Tilting ducted propellers 

(4) Jet life with turboprop propulsion 


(5) Tilting jet engines for both lift and 
propulsion. 


Within the limitations the study, 
there was little difference operating 
costs and was concluded that the 
choice type for further detail in- 
vestigation would, therefore, based 
required program research and de- 
velopment. 


ground experience related the 
overhaul gas turbine fuel systems and 
accessories. Education Engineering 
Standard equivalent (Higher Na- 
tional Certificate). Applications should 
made writing only, giving com- 
plete outline education, experience 
and salary required Assistant Per- 
sonnel Manager, Rolls-Royce Canada, 
Ltd., Box 1400, Station Montreal 
Que. 
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BRANCHES 


NEWS 


Edmonton 


March Meeting 


The Edmonton Branch met Wed- 
nesday, March 12th, the RCAF As- 
sociation Mess with forty members and 
guests attending the meeting. Mr. 
Stapleton, Vice-Chairman, presided. 

report the proceedings the 
Mid-season Meeting the CAI, held 
Vancouver, was given Mr. 
Clarke. 

Mr. Portlock then introduced 
the speaker, F/Sgt Rattray, who 
spoke “The Limitations Radar”. 
This was most interesting and concise 
talk, easily understandable those who 
had previous knowledge the sub- 
ject. F/Sgt Rattray’s style was amusing 
and handled the lively question per- 
iod that followed very skilfully. 

Mr. Young thanked the speaker 
and the meeting was then adjourned. 


Montreal 


February Meeting 


The February meeting was postponed 
March due the inability the 
speaker reach Montreal the date 
scheduled. Mr. Higgins, Chair- 
man, presided the meeting which was 
held the Airlines Cafeteria the 
Aviation Bldg. There were approxi- 
mately members and guests for the 
dinner, including students from Sir 
George Williams and McGill, with fur- 
ther members arriving after thé dinner 
swell the audience over 100. 

Mr. Schaefer, Chief Engineer, 
Aircraft, Canadair Ltd., introduced the 
speaker for the evening, Mr. 
Bender, Vice-President and Director, 
Rias, Inc. (Research Institute for Ad- 
vanced Study wholly-owned sub- 
sidiary the Martin Co. Baltimore, 
Md.). The title Mr. Bender’s talk 
was “Space Age Basic Research”. 


Mr. Bender started his talk point- 
ing out that, although the recent ex- 
pansion technology has resulted 
considerable increase the proportion 
engineering talent which has been 
brought bear, relatively few basically 
new concepts have been evolved since 
the end the war. attributed this 
state affairs the inability the 
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universities and other traditional re- 
search establishments, largely dependent 
endowment philanthropic patron- 
age, proportionally the 
expanding industry. 

help reduce the gap between 
basic research and engineering applica- 
tion, the Martin Co. had set the 
RIAS Baltimore and this establish- 
ment some fifty research scientists are 
encouraged pursue their own lines 
endeavour. Mr. Bender gave number 
specific examples the work which 
now being done, giving most en- 
couraging picture this attempt 
industry help itself this neglected 
field. 


March Meeting 


Mr. Higgins was Chairman 
the March 26th dinner meeting, held 
the Cafeteria the Aviation 
Bldg. Approximately members were 
present for dinner and another ar- 
rived hear the panel discussion 
VTOL aircraft, with Mr. Orr 
the Defence Research Board mod- 
erator. 

Mr. Dyment, Trans-Canada Air 
Lines, W/C McCullough, RCAF, 
and Maj. Sloan, RCA, represented 
potential operators machines. 
Mr. Smith, Canadian Pratt 
Whitney, and Mr. Irbitis, Canadair 
Ltd., represented the manufacturers’ 
side. 


W/C McCullough started the discus- 
sion with statement that RCAF re- 
quirements for low speed VTOL ma- 
chine were probably similar those 
the other operators, but added that 
long manned bombers exist manned 
fighters will also exist. Hence, would 
logical consider the cost exten- 
sive field facilities for conventional 
supersonic fighters against the penalties 
paid achieve equivalent 
airplane. Such machine should 
supersonic, have 700 mile radius, hov- 
ering capability, suitable for all weather 
operations and require neither extra 
pilot skill nor unusual base equipment. 

Maj. Sloan, speaking from the Army 
viewpoint, outlined how the ground 
forces could move “in the lap the 
earth” given machine which 
could overcome natural obstacles. The 
four major roles for Army 
would reconnaissance, logistics, as- 
sault and flying crane. Maj. Sloan be- 
lieves there will natural progression 


from the helicopter STOL VTOL. 
defined STOL airplane one 
500 ft. also pointed out that serious 
stability problems still remain 
solved for machines and offered 
the opinion that combined STOL/ 
VTOL airplane might reasonable 
compromise that would have 
higher initial payload than the VTOL, 
yet land after fuel burnoff. 

Mr. Dyment confined his remarks 
solving the terminal field problem 
and the short inter-city travel problem 
highly populated areas, such west- 
ern Europe. pointed out that, the 
present time, although certain operators 
accept lower standard operational 
safety helicopters than that provided 
conventional airplanes, the majority 
major airlines wish see the breed 
developed far greater extent than 
present. The current consensus air- 
line opinion for passenger ma- 
chine with stage length 200 nautical 
miles. The rate climb with one en- 
gine out should 150 per minute 
with all engine hovering capability 
5,000 ft. The helicopter should carry 
two pilots and, addition, equipped 
with integrated automatic flight 
system. Mr. Dyment predicted that 
within years supersonic trans-con- 
tinental VTOL machines will operat- 
ing from downtown downtown. 

Mr. Irbitis, presenting the airplane 
manufacturers’ viewpoint, ran through 
the complete range possible equip- 
ment from the helicopter the super- 
sonic machine. described the 
advantages and disadvantages each 
propulsion system and projected aero- 
dynamic configuration detail. 

Mr. Smith, speaking for the engine 
manufacturers, stated that the weight 
per pound horsepower decreases 
through development the gas turbine 
art, does the day really successful 
and versatile machines come 
closer. offered the opinion that 
future development VTOL aircraft 
might result much closer integration 
powerplant and airframe design than 
heretofore and cited the shrouded pro- 
peller example. 

Mr. Smith also mentioned that future 
development might also result the 
elimination the mechanical drive be- 
tween the prime mover gas producer 
and the thrust producer. 
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MEMBERS 


NEWS 


Vice-President, Manufacturing, has 
recently been appointed Executive 
Vice-President and General Manager 
Orenda Engines Ltd. 


present Assistant Chief Naval 
Technical Services (Air), RCN HQ, 
will taking his duties Com- 
mand Technical Officer the staff 
the Flag Officer Pacific Coast 
Esquimalt, B.C., the 27th October. 


Gray, formerly Director 
Maintenance and Engineering, has 
been appointed Assistant Vice-Presi- 
dent Operations, Canadian Pacific 
Air Lines, Ltd. 


tive Aerojet-General Corp. north 
western U.S.A. and Canada for the 
past years, has been named Director 
Field Service for the company. 


Bullock, has resigned his 
position with Canadair join 
Canadian Applied Research Ltd. 
Manager, Aircraft and Group Sales. 


Burden, formerly Asst. 
Chief Engineer, has been appointed 
Chief Engineer, Canadian Pacific Air 
Lines, Ltd. 


Ellard, Field Service 
Representative for Avro Aircraft Ltd. 
was recently posted Belgium. 


Fleming, has been named 
President the newly-formed Capital 
Air Surveys Ltd., Ottawa. 


Gillies, formerly Chief 
Engineer, has been appointed Director 
Maintenance and Engineering, Can- 
adian Pacific Air Lines, Ltd. 


Lake, has recently moved 
from Vancouver Edmonton where 
has taken the duties Super- 
visor Maintenance, Pacific Western 
Airlines. 


erly with Canadian Pacific Air Lines, 
Ltd., has been appointed Manager, 
Sales Engineering, Canadair Ltd. 

Young, formerly with 
Avro Aircraft Ltd., has been ap- 
pointed Chief Production Engineer 
Dosco’s Steel Fabrication and Manu- 
facturing Division, Montreal. 

Cepella, Technical Member, has 
been appointed Manager Service 
Engineering, Aeronautical Div., 
Honeywell Controls Ltd. 

Trethewey, Associate, has recently 
retired from his position Assistant 
the President, Orenda Engines Ltd. 
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DEATH 
was with deep regret that 
learned the death Smith, 


Technical Member, who was with Can- 
adair 


ADMISSIONS 

meeting the Admissions Com- 
mittee, held the 3rd April, 1958, the 
following were admitted the grades 
shown. 


Associate Fellow 

Kadlee, Manager, Staff 
Avien, Inc., Woodside, N.Y.: 34-15 
Seventy-Fourth Jackson Heights 

Personnel Medical Establishment, 
Institute Aviation Medicine, 1107 
Avenue Rd., Toronto 12, Ont. 


Member 


F/L Bell, RCAF, AMTS/CAE/- 
AEng 2-4, AFHQ, Ottawa, Ont.: 594 
Sparksdale, Ottawa, Ont. 

Brunelle, Staff Officer Air Ord- 
nance DAE, Directorate Air Engin- 
eering, RCN HQ, Ottawa, Ont.: 917 
Glasgow Ottawa, Ont. 

Charron, RCAF, Draftsman 
Engr.—Superintendent, AMC 
HQ, Ottawa, Ont.: 1782 Haig Dr., 
Elmvale Acres, Ottawa, Ont. 

Howlett, Field Service Tech. Rep- 
resentative, Orenda 
Malton, Ont.: 116 Ravencrest Dr., 
Toronto 18, Ont. 

Jubinville, Engineering Technician, 
Elect. Instrument, Canadian Pacific 
Air Lines, Vancouver, B.C.: 4109 
Grace Cresc., North Vancouver, B.C. 

S/L Keelan, RCAF, Tech. Services 
Officer AAED/CEPE, 
Cold Lake, MPO 503, Grande Centre, 
Alta. 

Leckie, Head, Dept. Aero- 
nautics, Provincial Institute Tech- 
nology and Art, Calgary, Alta. 

F/O Sjoberg, RCAF, Aircraft Ser- 
vicing Officer, RCAF Stn. Winnipeg, 
Man.: 461 Conway St., Winnipeg 12, 
Man. 

Sgt. Taylor, RCAF (on transfer 
from Technical Member) 

Tucker (on transfer from Technical 
Member) 

Sales, 
MacFeeters, Scarborough, Ont.: 107 
Rosemount Dr., Scarborough, Ont. 

Williams, Instructor, Service Dept., 
Transport Div., Boeing Airplane Co., 
Seattle, Wash.: c/o Hunt, 1637 
Harwood St., Vancouver B.C. 


Carriere and 


Technical Member 


Bishop, Product Engineer, Aircraft 
Division, Thompson Products Ltd., 
Louth St., St. Catharines, Ont. 

Cowan, Field Engineer, Computing 
Devices Canada Ltd., Ottawa, Ont.: 
516 Driveway, Ottawa, Ont. 

Fletcher, Design Draftsman, Avro 
Aircraft Ltd., Malton, Ont.: 43rd 
St., Apt. Long Branch, Toronto 14, 
Ont. 

Foote, Junior Engineer, Avro 
Aircraft Ltd., Malton, Ont.: Poynter 
Dr., Toronto 15, Ont. 

MacKinnon, Material Planner, 
Northwest Industries Ltd., Edmonton, 
Alta.: 10313 124 St., Edmonton, Alta. 


Warnica (on transfer from Student) 


Junior Member 


Stonier, Air Traffic Controller, 
Dept. Transport, Vancouver, B.C.: 
4208 West Vancouver B.C. 


Student 


onto, Toronto, Ont.: 1402 Pare Cham- 
poux, Quebec P.Q. 

Benner, University Toronto, 
Toronto, Ont.: Sunset R.R. No. 
Fort Erie, Ont. 

Dukowiez, University Toronto, 
Toronto, Ont.: 183 Grenadier Rd., 
Toronto Ont. 

F/C Grinnell, Canadian Services 
College, Royal Roads, Victoria, B.C. 

F/C Hamakawa, Canadian Services 
College, Royal Roads, Victoria, B.C. 

F/C Hosang, Royal Military Col- 
lege, Kingston, Ont.: Bonnington 
Willowdale, Ont. 


Toronto, Ont.: 
Toronto Ont. 
F/C Moore, Canadian Services 
College, Royal Roads, Victoria, B.C. 
F/C Morton, Canadian Services 
College, Royal Roads, Victoria, B.C. 
F/C Newroth, Canadian Services 
College, Royal Roads, Victoria, B.C. 
Pappas, Provincial Institute Tech- 
nology and Art, Calgary, Alta.: 608 
Crescent Rd., Calgary, Alta. 
Parkes, Canadian Services 
College, Royal Roads, Victoria, B.C. 
F/C Pehajek, Canadian Services 
College, Royal Roads, Victoria, B.C. 
Smith, University Toronto, 
Toronto, Ont.: 134 Lawton Blvd., 
Toronto, Ont. 
Cadet Sykes, Canadian Services 
College, Royal Roads, Victoria, B.C. 


227 Indian Grove, 
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SUSTAINING MEMBERS 


NEWS 


during the last six months, has signed 
exclusive sales agreements for Canada 
with five foreign firms. These new 
agreements complement existing arrange- 
ments with Benson-Lehner Corp. and 
the Computer and Pacific Divisions 
Bendix Aviation Corp. Benson-Lehner 
make equipment for reducing film 
chart records digital quantities. Ben- 
dix Pacific manufacture digital tele- 
metering system known Electrospan 
and Bendix Computer manufacture the 
Bendix G-15D digital computer. 

The new agency agreements are with 
Epsco Inc., Traid Corp., Flight Re- 
search Inc., Reeves Instrument Corp. 
and Corp. America. 


Epsco Inc. manufacture line very 
high speed analog digital and digital 
analog converters, capable speeds 
45,000 conversions per second 
with accuracy 0.05%, well 
digital telemetering equipment. 

Reeves Instrument Corp. 
known for REAC analog computers. 
CDC operates amplifier REAC 
their Computing Centre Ottawa, 
addition two digital computers. 

Photographic instrumentation manu- 
factured Flight Research Inc. and 
Traid Corp. will enable CDC fill all 
requirements for special purpose mili- 
tary and industrial cameras. Flight Re- 
search specialize multiple synchron- 
ous cameras 16, and mm, for 
accurate data acquisition aircraft and 
missile testing. Traid Corp. build photo- 
graphic instrumentation systems, includ- 
ing high speed (up 200 frames per 
second) scoring cameras, gun cameras 
and interval data recording cameras. 

Most recent new CDC agencies are 
Ottico Meccanica Italiana, Rome, 
Italy, and the O.M.I. Corp. America, 
suppliers what claimed the 
widest assortment photogrammetric 
instruments made single manufac- 
turer. High quality photomappers, 
photostereographs 
tors are the most important instruments 
the line. 
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The Sparrow 


Canadair Ltd. has announced that 
going into immediate production 
the Sparrow the first Canadian-built 
operational air-to-air guided missile. 
The Sparrow produced under license 
agreement negotiated between the Can- 
adian Government and the Douglas Air- 
craft Company Inc., with the concur- 
rence the U.S. Navy. 

Under the terms its contract, Can- 
adair appointed coordinating contrac- 
tor and such has the overall respon- 
sibility for the manufacture, assembly 
and flight testing the missile. For the 
past seven years, Canadair has been en- 
gaged programs Canada for the 
development air-to-air guided missiles. 

Canadian Westinghouse has been ap- 
pointed associate contractor pro- 
duce the radar seeking system. Firms 
who will sub-contract work for Can- 
adair the program are Aviation Elec- 
tric Ltd. and Havilland Aircraft 
Canada Ltd. 


Canadian Air Lines, Ltd. took 
delivery its first Britannia 314 the 
April. This same aircraft made 
proving flight from Filton Vancouver 
February, connection with the 
opening CPAL’s new hangar, subse- 
quently returning England. The de- 
livery flight was made min 
with one stop, Calgary, for re-fuelling. 

The Britannia will introduced 
the Vancouver Amsterdam route 
the Ist June. Later Britannias will 


working routes from Vancouver 
Tokyo and Hong Kong; Honolulu, 
Fiji, Auckland and Sydney; and 
Mexico City, Lima, Santiago and Buenos 
Aires. 


METAL AND WELDING SHOW 

Members the CAI have been in- 
vited attend Metal and Welding 
Show which being staged Alloy 
Metals Sales Ltd. the 21st, 22nd and 
23rd May. The Show has been arranged 
mark the completion their new 
warehouse and office extension 181 
Fleet Street East, Toronto. will 
open from 3.00 9.00 the 
and 22nd May and from 1.00 
6.00 the 23rd May. 


Twenty-two Canadian and American 
companies will exhibiting and their 
technical men will hand answer 
design, production and fabrication prob- 
lems. 

There will five welding clinics, 
where the latest equipment for welding 
and brazing Inco Nickel Alloys, Stain- 
less Steel, Aluminum and Magnesium 
will demonstrated. 

addition, the latest technical and 
non-technical films related subjects 
will shown continuously. 


ATMOSPHERE AND HIGH 
ALTITUDE CHARTS 


The Garrett Corporation 
duced two very interesting charts, one 
referring the atmosphere 
100,000 altitude and the other, known 
the High Altitude Chart, going 
2,000,000 ft. The charts are coloured 
and present standard values the tem- 
perature, pressure and specific weight 
air and are illustrated show man’s 
achievement from kites satellites. The 
Company has very kindly agreed sup- 
ply these charts, request, members 
the Institute. Application should 
made 


The Garrett Mfg. Corporation 
Canada Ltd., 

Racine Road, 

Rexdale, Ont. 
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coaxial cable 
connectors 


one-half the size, one-third the weight 
standard BNC’s 


CANADA LIMITED 


637 PARKDALE AVE., HAMILTON, ONT. 
9-1381 


Shur-Lok has fastener for every Honeycomb 
Sandwich Panel problem. Check Shur-Lok 
first and enjoy the resourcefulness our engi- 


neers who actually developed most the fast- self-locking feature 
eners used Sandwich Panels. internal threads. 
Fasteners, too, must upgraded meet the 
special requirements imposed higher tempera- 
tures and projected speeds 2000 miles per 
hour more. Shur-Lok engineers with two 
decades know-how can help solve your 
fastener problems. 

Our experienced engineering staff your sandwich material. 
disposal. 

Write for information other Shur-Lok SL21 SERIES* 
fasteners. honeycomb 


SHUR-LOK 


879 East Street Anaheim, California 


Send your drawing drawings 
and will pleased recommend 


the best fastener for the job. 


RAILWAY POWER 


head 


sert. Lightwe 
self-locking insert. 


SERIES* 
ENGINEERING CORPORATION LIMITED 


SALES OFFICES WAREHOUSES 


Hamilton Windsor Ste. Marie Shur-Lok Honeycomb and Sandwich Fasteners available APPLIED 
Winnipeg Calgary Edmonton Vancouver wide range materials and sizes. FOR 


snap-in, self-aligning, 
molded-in insert for sand- 
wich structures with 


SL59 
Spacer for various attachments. will 
distribute shear and prevent crushing of 


spacer. lightweight, low 
cost, two-piece spacer for 
use with 100° countersunk 


in- 
ght, low 
cost, two-piece, threaded, 


Lightweight, low cost, 
two-piece, shear type 
honeycomb spacer. 


Back Numbers 


demand exists for copies the Canadian 


Aeronautical Journal, Volume Nos. and 


issued respectively January and March, 


1956. 


having copies these issues for sale 


are requested notify The Secretary, Can- 


adian Aeronautical Institute, Metcalfe St., 


Ottawa Ont. 


molded-in insert for sandwich structures with 
self-locking feature its internal threads. 


SERIES* 
New two-piece honeycomb spacer. The only 
spacer not depending selective fit parts 
for assembly. 


Spacer stud. weight saving spacer with 
stud permitting easy attachment members. 


SL7 SERIES 


high shear strength spacer nut for 
sandwich structures. Prevents col- 
lapse honeycomb Has 
self-locking feature. 


SIMMONDS. Your Exclusive Canadian Representative for: 


the standard transparent plastic 
the industry 


— 


CRYSTAL GLASS AND PLASTICS LTD. 
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THE PEACE” 


GARRETT CANADA proud 
have participated the 
development 
first truly supersonic 
the new twin-jet 


with any likely bomber 
threat North America 
during the next decade, the 
30-ton ARROW and its 
38,000 component parts embody 
the most modern equipment 
airborne interception and fire 
control giving inherent operational 
flexibility and promising future 
development potential. 

Components and systems vital the AVRO 
ARROW reflect the technical leadership and 
new product development being supplied 
Canadian industry through Garrett Canada. 


Equipment supplied Garrett for Avro Arrow 
Air turbine starters 


Cooling turbines 
Gas turbine compressors 
Heat exchangers 
Air control and regulating valves 
Cabin pressure controls 
Flying control systems 
Temperature control systems 
Trim system actuators 
Fuel system valves 
Cable tension regulators 
Pressure switches 
Radio compass controls 


Flexible couplings 
Quick disconnects 
Solenoid valves AVRO 


The Garrett Manutacturing Corporation Canada, 


REXDALE, ONTARIO 


REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS * TEMPERATURE CONTROLS ¢ CABIN AIR COMPRESSORS 
TURBINE MOTORS ¢ GAS TURBINE ENGINES * AIR TURBINE STARTERS * CABIN PRESSURE CONTROLS * HEAT TRANSFER 
EQUIPMENT ¢ ELECTRO-MECHANICAL EQUIPMENT ¢ ELECTRONIC COMPUTERS AND CONTROLS * INSTRUMENTS ¢ SURVIVAL EQUIPMENT 
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REPAIR AND OVERHAUL 


COMPUTERS 


JET ENGINES 


COMMERCIAL AIRCRAFT 


MISSILES 


NAVIGATION SYSTEMS 


MILITARY AIRCRAFT 


ADVERTISING INVESTMENT 


the CANADIAN AERONAUTICAL JOURNAL will reach the responsible scientists, 
engineers and technicians who SPECIFY THE 


Rate cards are available from 


The Secretary 
CANADIAN AERONAUTICAL INSTITUTE 


put 
these 


Westinghouse 


work 
for 

you 


ANALOG Your design and applica- 
tion problems can solved more economically 
less time the Westinghouse Computation Centre. 


ENVIRONMENTAL AND APPRAISAL 


most complete Canada. Your prod- 
ucts and components can operated and tested 
under all environmental conditions and most 
military specifications. 


ANTENNA designed, this 
Antenna Range has automatic recorders give 
antenna design and production testing information 
the shortest possible time. 


These Westinghouse facilities are valuable 
aid obtaining rapid solutions your 
design, production and application problems. 
They are available you rental fee basis. 


ILLUSTRATED 
BROCHURE 


Canadian Wes- 
tinghouse has 
special 

ooklet 
theequipmentan 
the performance 
these various 
facilities. Write 
Electronics Divi- 
sion, Canadian 
Westinghouse 
Company Limited, 
Hamilton, Canada, for free copy 
this new booklet. 


WATCH WESTINGHOUSE 


ELECTRONICS 
BIG THINGS HAPPEN FIRST! 


MEMBERSHIP THE 


qualifications and annual dues set out the table 

below are those presently laid down the By- 
laws. The rates dues shown brackets are those 
applicable members resident outside Canada the 


The annual dues include non-deductible subscrip- 
tion the Canadian Aeronautical Journal. 


Applications for membership must made the 
approved forms, which may procured from the 
Secretaries the Branches from C.A.I. Headquarters. 
applicant does not apply for membership any 
particular grade, but each application considered 
the Admissions Committee, who decide the grade suit- 
able the applicant’s qualifications. admission, the 
applicant informed his grading and the appropriate 
entrance fees and annual dues. 


The entrance fee $5.00, except certain special 
circumstances. 


ANNUAL 
GRADE SUMMARY QUALIFICATIONS 
Student Undergoing course study $3.00 
approved school engineering ($2.00) 
technology 
Junior Engaged work $5.00 
Member aviation ($2.00) 
Technical Engaged science, engineering, $8.00 
Member research, manufacture operation, ($5.00) 
aeronautics related fields for 
years graduated from ap- 
proved school engineering 
science 
Member Engaged technical work aero- $10.00 
nautics related fields for years ($6.00) 
and acquired recognized standing 
Associate Engaged aviation, though not $15.00 
qualified for technical grades ($10.00) 
Associate Engaged aeronautical science $15.00 
Fellow engineering for years and been ($10.00) 
responsible charge made out- 
standing contribution 
Fellow Been Associate Fellow for year $15.00 
and attained distinction aero- ($10.00) 
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The new Avro Arrow was designed and developed LUCAS-ROTAX. 


From your concept 
reality this transition calls for 
expert help! 

Lucas-Rotax engineers can supply 
that help, drawing upon their 
company background designing 
equipment into the finest engines 


ct 


implement 
Write 


LUCAS-ROTAX 


Fuel, electrical and hydraulic systems for the aircraft and avionic industries. 


TORONTO—2200 Eglinton Ave. East, PL. 5-4171 MONTREAL—5595 Royal Mount Ave., RI. 8-7737 Airport, CR. 8-5104 
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PIONEERING PRECISION ENGINEERING 


PLANE 


Aviation Electric Limited, established 1931 serve 
Canada’s pioneer aviation industry, today diversified 
organization over 800 highly skilled specialists who fulfill 
essential function designing, manufacturing and 
overhauling specialized apparatus and equipment. 


the Canadian Affiliate the Bendix Aviation Corporation, 
AEL also sells and services wide range aircraft and 
marine products, communications equipment, and specialized 

AEL serves the Department Defence, R.C.A.F., 

R.C.N., leading aircraft manufacturers,-leading 
airlines, well smaller air service companies and 
many private aircraft owners. 


AVIATION ELECTRIC 


200 Laurentien Bivd., Montreal, P.Q. 
Branch Plant: Aviation Electric Pacific Limited, Vancouver Airport, Vancouver, B.C. 
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arctic performance 

Men the RCAF—aircrew and groundcrew alike— 

have learned work with the demanding elements the Arctic. 
Their resourcefulness and courage are our greatest assets 

maintaining our wide-ranging defence system. 


MEMBER: ROE CANADA LIMITED THE HAWKER SIDDELEY GROUP 
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doubt the mind any engineer the 
aeronautical field that electronics essential part 
the aircraft industry. What not generally realized 
the magnitude the part played electronics, and 
the problems that face the Canadian electronics industry 
keep pace with the Canadian development and 
production airframes and engines which have created 
such noteworthy aircraft the Arrow and the Argus. 


the average, the electronic equipment the 
modern military aircraft amounts almost 50% the 
cost the entire aircraft. When this added the cost 
the ground radar, the test equipment, simulators and 
the electronic devices associated with the manufacture 
and servicing the aircraft, safe say that over 
the funds expended the aircraft industry to- 
day are expended electronic development and equip- 
ment. This substantiated the United States defence 
budget expenditures. When compared with the 10% 

World War and the fact that the content 
guided missiles even higher, the vital importance 
electronics the aircraft industry becomes obvious. 

Because the difficulty defining “electronics” 
such, the term has been coined cover elec- 
aircraft and, general, represents all the elec- 
trical, electro-mechanical and servo devices which 
tubes, transistors other electron control devices are 
essential components. 


obvious from examination the world’s 
that the countries which rely principally upon 
supply raw materials others are the poor members 

our world society. This becoming more and more 
manifest finished products increase complexity with 
ever rising content more expensive labour. Most 
agree that high standard living depends 
upon industrialization. Canada, for instance, could not 

enjoyed the prosperity experienced since the war 

were not for the industry created during and after 

war. few other major industries the ratio 
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manhours raw materials high aircraft manu- 
facture and Canada owes great deal those coura- 
geous individuals, government, armed services and 
commercial circles, who, after World War II, had the 
vision and initiative promote and support aircraft 
industry this country. 


The ratio manhours raw materials avionics 
higher than most other aspects ‘the aircraft in- 
dustry. unfortunate therefore that, Canada, de- 
velopment the avionics industry has not kept pace 
with aircraft development, primarily because the 
difficulty competing with manufacturers 
U.S.A., who already have built powerful teams and 
resources with U.S. government support. very ob- 
vious and logical conclusion that Canadians, help 
retain the present standard living, must exert all pos- 
sible effort toward building strong avionics in- 
dustry. also very obvious that, because the basic 
defence requirements and large sums 
volved, the industry cannot this from its own re- 
sources, but must rely upon well integrated, long term 
government supported plan. 

encouraging see the efforts now being made 
promote Canadian avionics production such devices 
the Sparrow missile, the fire control system for the 
Arrow, navigational systems and flight simulators, but 
regrettable that aircraft industry which capable 
producing one the world’s most advanced aircraft 
has had rely upon sources outside Canada for the 
major portion the avionics development. Let hope 
that the same courage and foresight which inspired the 
growth the aircraft industry will now applied 
promoting the corresponding development what 
vital aspect the industry avionics. 


Vice-President and Gen. Manager 
Canadian Applied Research Limited 
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HYDROSTATIC FUSELAGE 
FATIGUE TEST PROGRAM 


PRESSURE 


LOCKHEED C-130A HERCULESt 


Morcock* 


Lockheed Aircraft Corporation, Georgia Division 


SUMMARY 


Tests structurally complete C-130A fuselage are being 
conducted evaluate the fatiguing effects combined internal 
pressure and flight loads encountered C-130A normal 
service. This article describes the set-up and test procedure, 
and the results over 10,000 simulated flights. 


The test being run outdoors the Engineering Research 
Laboratory specially constructed slab, with the assistance 
the Engineering Experimental Division. 


INTRODUCTION 

USAF contract was awarded 1955 the Georgia 

Division, Lockheed Aircraft Corp., for pressure 
fatigue testing C-130A fuselage. earlier pro- 
gram, another C-130A was statically tested psi 
internal pressure and combination 11.25 psi in- 
ternal pressure and design ultimate flight loads. The static 
test program, utilizing air and (later) water the pres- 
surizing medium, was completed before the pressure 
fatigue test was begun. 


TEST PROGRAM 

The purpose the pressure fatigue test repro- 
duce the fatigue damage the fuselage which would 
caused many flights C-130A airplane, each flight 
involving internal pressure and flight loads. the basis 
Miner’s cumulative damage theory and the ex- 
pected usage the C-130, test requirement 25,000 
cycles consisting single application 1.72 vertical 
down load conjunction with 7.5 psi internal pressure 
was defined, each cycle simulating one flight 
altitude. 


TEST SPECIMEN 

The test structurally complete 
(but otherwise bare) C-130A fuselage, including the 
center wing section. The vertical fin and stub horizon- 
tal stabilizer were added complete the pressure vessel 
and provide means applying the tail load. Figures 
and show the configuration the test article. 


LOAD SYSTEM 

The load system was designed apply the shear and 
the bending moment due 1.72 vertical down load 
factor, based gross weight 96,000 acting 
the fuselage. This was accomplished indirectly load- 
ing the wings upward until the desired loads were pro- 
ducéd reactions the fuselage, which was moored 
the base the test site. The two jacks loading each 
wing were positioned apply the proper wing shear, 


+Received 25th April, 1958. 
*Aircraft Research Engineer. 
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Figure 
All non-structural equipment was omitted from the pressure 
fatigue test article 


moment and torque the wing-fuselage junction. 
jack the aft end the airplane pulled down 
late the flight load the horizontal tail. 

Sponge rubber padded load beams the treadway 
area the cargo floor, inches wide and 
long, and twenty-two aluminum load straps bonded 
the fuselage sides forward and aft the cargo area 
linked together -two whiffletree systems, one 
necting all forward loaders and straps together and the 
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Figure 


Dummy landing gears were utilized support the airplane; 
the test tank was then constructed around the fuselage 


other connecting all loaders and straps aft the wing. 
Each the two systems was anchored the floor. 
Figures and show the load beams and straps. Baldwin 
electrical load cells were used monitor the load pro- 
duced the two reaction points. The geometry the 
whiffletrees produced the desired distribution load 
the loading straps and the internal loading beams. 


(Preliminary tests conducted determine the feasi- 
bility bonding loading straps the side the fuse- 
lage indicated that some creep the bonding material 
could expected. Strips 0.051 aluminum inches 
wide were bonded together over inch length with 
Proseal 380M sealant. Transverse inch aluminum 
strips were spaced inch intervals along the bonded 
area produce uniform bond thickness inch. 
Vacuum blankets were used hold the specimens to- 
gether until the bond set. These strips proved satisfactory 
static tests and fatigue tests for shearing stress 
psi. Creep tests psi stress similarly fabricated 
straps, following immersion water for varying lengths 
time, indicated that the material would creep under 
load deflection inch about twent days be- 
fore failing. the basis the laboratory tests, the 
fatigue test straps were designed for maximum 
stress psi. The inch wide straps were 


Figure 
Sponge rubber faced loading beams were linked external 
load straps apply 1.72 flight loads the fuselage 
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bonded the fuselage over length inches, usin 
transverse spacers inch thick material, inch wide, 
spaced throughout the bonded region. Vacuum blankets 
were used hold the strips against the side the fuse- 
lage while the bond was setting. allowable creep 
inch was established, after which the bond was 
renewed. However, practice, the creep has been less 
than 1/16 inch 10,000 cycles and replacement has 
been necessary.) 


All jacks were calibrated prior installation the 
fatigue test jigs. Calibrated Baldwin pressure transducers 
were installed the hydraulic pressure lines the base 
each jack. Hydraulic pressure was provided 
100 Denison heavy duty industrial power supply. 
The output from this unit was directed through pressure 
regulator valves and flow control valves the jacks. 


Figure 


Sketch test set-up showing control tower, tank, dummy 
outer wings, loading jacks, strain gage cables, and water 
standpipes and dump valve 


PRESSURIZATION SYSTEM 


Water was used for pressurization for 
reasons: 


(1) Damage which might incurred blowout 
would minimized the use incompressible 
fluid, compared with the damage which would 
sustained air were the pressurizing medium. 

(2) The use water for pressurization effected more 
rapid cycling rate than could realized using air, 
since the movement relatively small volume 
water was sufficient pressurize the fuselage. 


The airplane was filled with water and surrounded 
water eliminate the differential pressures due 
water head. tank high, wide and 100 
long was built around the fuselage for the test. Figure 
sketch the test arrangement. The tank was com- 
posed long sections inch thick steel plate 
reinforced inch centers inch H-beams. The 
segments the tank were bolted together. The tank 
walls were seated inch thick closed cell sponge 
rubber inches wide. The two sides the tank were 
connected inch steel straps approximately 
inch intervals the bottom and inch intervals 
the top. Diagonal straps tied the ends the sides. Thus 
the water pressure acting one side the tank was 
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reacted the pressure the opposite side and side 
loads were transferred into the concrete slab. Studs im- 
bedded the slab were used tighten the walls down 
onto the sponge rubber for sealing. The cutout for the 
wing was filled seal rubberized fabric bonded 
aluminum plate closing the end the wing center 
section. Figure shows the seal. The completed test 
set-up shown Figure 

Water pressure was provided water pump 
with output 700 gal/min 100 psi. The water 
was directed through shut-off valve inch diameter 
pipes entering the fuselage through fitting installed 
the right paratroop door. the water pressure 
was built inside the airplane, water was backed 
the standpipe until reached the top, where 
actuated float switch causing the water valve close 
and three dump open, exhausting the excessive 


Figure 
dummy outer wing panel was bolted the center wing 
through plate sealed the tank rubberized fabric 


water back into the tank and thus reducing the internal 
pressure. pressure manometer, pressure gage and 
pressure recorder were used monitor the applied 
pressure. Because the time required actuate the 
valves, the float switch was adjusted operate when 
pressure 7.4 psi had been attained. Overflow from the 
standpipe 7.5 psi occurred all normal cycles. 

The tank, which contained 270,000 gals water, was 
filled from fire hydrant, using four water hoses. Two 
hours and thirty-five minutes were required for filling. 
Chromic acid was added the water the tank was 
being filled provide neutral factor. Figure 
wide-angle view the submerged airplane. 


AUTOMATIC CONTROLS 

automatic control system, based electrical 
relays and timers, was devised for the test. The panel 
operated electrically controlled solenoid valves which 
directed the hydraulic pressure the jacks and water 
and from the fuselage. addition the automatic con- 
trol system, switches were provided the panel 
permit manual operation individual components. Two 
control panels were fabricated that one panel should 
become inoperative during run, the other panel could 
pressed into service without delay. The panel shown 


182 


concrete slab containing load pads was 
constructed base for the test jigs, shown here 
overall view 


SAFETY DEVICES AND MISCELLANEOUS EQUIPMENT 
number safety devices were installed insure 
proper operation the test. Switches wired indicator 
lights showed the position the fuselage ramp door, 
which was closed and locked after the tank was filled. 
Mercury switches mounted levers were used con- 
trol the roll the airplane. roll about 0°30 
would cause the solenoid valve for the outboard 
wing jack the high wing close, permitting the 
other wing continue rise until the roll was elimi- 


nated. excessive roll occurred despite this precaution, 


additional mercury switch was set automatically 
stop the cycle. similar provision was made halt the 
test excessive pitch should occur. 


The airplane fuselage and center section were completely 
submerged and filled with water. Additional water 
pumped into the fuselage for pressurization 
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Lights the control panel were wired micro- 
switches attached the water valves. These lights in- 
dicated the position the valves any time. addition, 
the microswitches energized timers which would initiate 
audible and visual warnings excessive time were re- 
quired pressurize the airplane. 

telephone and public address system were in- 
stalled. The room was air conditioned and steam 
heated provide controlled temperature for the strain 
gage equipment. The control panel, safety devices and 
communications were housed the control room 
water level. Hydraulic and water pumps, plumbing and 
valving were installed the ground floor the control 
room. 


STRAIN GAGES, FAILURE WIRES AND TELEVISION 

Approximately thirty rosette and axial gages were 
applied the airplane provide check the stresses 
specific locations. elaborate waterproofing pro- 
cedure was used the gages, but results were unsatis- 
factory due the use cables which were not 
waterproof, advertised, but were merely water re- 
sistant. Nevertheless, strain data were obtained for load 
only, pressure only, and combined load 
conditions. 

Failure wires were utilized for time during the test 
program check crack propagation. Monitoring 
the wires was discontinued when was found that 
the cracks did not extend beyond their initially dis- 
covered length. closed circuit television camera, view- 
ing through pane set into the side the tank, was 
also used for time monitor the growth series 
cracks rivet pattern. 


PRELIMINARY CHECKOUT 

preliminary checkout the loading system and 
pressurization system was made while the tank was being 
constructed. The automatic control panels were tested 
10,000 cycles operation utilizing dummy check- 
out board. Hydraulic accumulators were placed the 
lines the completed hydraulic system allow move- 
ment the oil under pressure and the electrical control 
panel was used apply simulation 3,000 automatic 
cycles the hydraulic loading system. later operation 
was found that both the hydraulic system and the 
automatic control panel were very reliable. felt that 
the preliminary checkout was contributing factor 
this reliability. 

Following completion the loading system, the flow 
rates and the maximum pressures applied the hydraulic 
jacks were regulated during manually operated tests. 
Load and pressure transducers the jacks and the 
reaction points were monitored during these checkouts. 
The pressure system was also checked out manually be- 
fore automatic cycling was begun. 


TEST PROCEDURE 

Automatic cycling was begun September 1956. 
Through January 1958 over 13,000 cycles had been ap- 
plied. typical test run was conducted follows. 

The tank was filled with the fuselage ramp door 
open. When the tank was filled, the water input from 
the fire hydrant was reduced amount which would 
barely overrun overflow slot cut into the side 
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Two automatic cycling control panels were fabricated 
expedite testing. Switches permitted manual control 


the tank. The ramp was closed and locked hydraulically; 
then automatic cycling was initiated. The test was run 
two shift basis. Following the application 300 
simulated flights, the ramp was opened and the tank was 
drained for airplane inspection. typical simulated flight 
required about one minute twenty seconds. Hydraulic 
pressure was directed the jacks and there- 
after the water valves were operated pressurize the 
airplane. Full load was reached about fifteen seconds; 
approximately sixty seconds were required for pressur- 
ization. When the pressure reached 7.4 psi, the switch 
the standpipe was closed, initiating the closing the 
water valve, the opening the dump valves, and the 
opening the solenoid valves remove the hydraulic 
pressure from the jacks. The cycle was automatically 
logged counter when the pressure was released. 


For the initial phase the program, skin divers were 
sent into the tank intervals 150 cycles 
check the progress known cracks. (When divers were 
used the chromic acid was omitted during filling. The 
test was shut down while the divers were the tank.) 
was found, however, that propagation the cracks 
was generally negligible and the divers were therefore 
discontinued after about 3,000 cycles had been applied. 


Figure 
Relays and timers were basic elements the control 
panel, shown here rear view 
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Following each draining the tank, shake-down 
inspection was performed. During the early phase the 
program, this inspection was performed all 
personnel until failure was found; then the inspection 
was continued Quality Control inspector while re- 
pairs were underway. After 10,000 cycles, eight mech- 
anics used perform the entire shakedown. All 
repairs were inspected Quality Control before testing 
was resumed. 


FAILURES 

Failures which were found were referred the 
C-130 Structures Group for disposition. Prior the 
completion 10,000 cycles, consideration was given 
the application the repair production airplanes 
and, many cases, proposed modification was incor- 
porated for evaluation. Above 10,000 cycles, the basic 
attempt was made restore the airplane pressure 
vessel convenient means and proposed modifications 
were then incorporated when convenient. Some failures 
were left without repairs evaluate their effect the 
surrounding structure. 


Several types failures were encountered. Cracks 
the skin were found general propagate for length 
not over inch and then cease propagating. 
only few cases did cracks extend greater length 
and then the cracks could not seen until the entire 
area had failed. Miscellaneous small bolts and screws 
failed particular areas with consistent regularity. 
These were replaced for time and were then increased 
size when was obvious that they were failing re- 
peatedly. All such areas were watched carefully since 
the broken attachment could indicative overload- 
ing the surrounding structure. 


Miscellaneous attachment fittings were relatively 
trouble-free until after 10,000 cycles, with the exception 
the fittings connecting the floor the wing support 
beams, the aft cargo door hinges and the forward cargo 
door hooks. number major blowouts occurred. 
major blowout was defined failure which exten- 
sive damage was incurred and partial complete loss 
pressure resulted.) Only once was there any warning 
that the failure was impending. 

Fatigue scatter between similar parts was found 
quite low during this test. maximum fatigue scatter 
the order 2.5 was encountered. 


Failures and repairs were reported monthly pro- 
gress reports the USAF. addition, log failed 
parts was kept. After 6,000 cycles, interim report 
detailing the test procedure, failures and repairs was is- 
sued. the close the program the additional failures 
which have been encountered will added this re- 
port. The reporting repairs was enhanced the use 
photographs and 


CONCLUSIONS 
The following general conclusions were reached. 

(1) The use water for fatigue testing pressure 
vessels practical and convenient and provides 
rapid means testing. 

(2) The number failures which can expected 
during program this type necessitates the in- 
corporation access doors and power stands into 
the basic test set-up. 
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(3) properly designed automatic control system based 
timers and relays will furnish very reliable 
operation. 


(4) Fatigue results cannot fully evaluated the use 
laboratory tests components only. The fatigue 
scatter the case the Hercules was greater 
the laboratory component tests than the fuselage 
test and, general, the fatigue life which was ex- 
hibited part tested the laboratory was much 
greater than the life the same part incorporated 
the airplane. partial explanation this pheno- 
menon that the distribution load cannot 
fully predicted. 

(5) Fatigue scatter similar parts the airplane was 
very low, the order 2.5 maximum. 

(6) Thorough inspection discover failed parts before 
secondary damage was created the failure was 
found most worthwhile. However, 
close inspections, almost all major failures occurred 
without advance warning, i.e. the progression 
failure was such that could not detected 
visually. This emphasizes the need for pressure 
fatigue tests all high altitude transport type 
craft discover areas weakness that cannot 
safely found other means. 


The following conclusions were reached regarding 
the C-130 airplane. 

(1) The first major failure was encountered 3,200 
cycles (9,600 hrs). This considerably beyond the 
1,000 modification program which the first 
changes resulting from findings the fatigue test 
program will incorporated into service airplanes, 

(2) The overall fatigue life the airplane has been 
substantially increased result the fatigue test 
program. presently felt that fatigue life 
30,000 hrs can expected when 
modifications have been incorporated. 

(3) Laboratory tests and fuselage fatigue tests similar 

parts showed considerable disagreement fatigue 
life, with laboratory tests generally indicating life 
three eight times the life indicated the pressure 
test. (This observation based relatively small 
number parts.) 

(4) Much damage can sustained 
vessel without resulting blowout. the other 
hand, the airplane its original configuration had 
several weak points which could not detected 
prior major failure. These weak points have 
now been eliminated. 

(5) provision was made the fatigue test for simu- 
lation propeller blast vibration. Failures due 
vibration are being found service airplanes. 
Also, the accuracy Miner’s theory using 
single load simulate the fatigue effects all the 
miscellaneous loads encountered flight open 
question. However, failures appear have resulted 
mainly from the pressure loads and felt that the 


number cycles sustained before failure 


might affected different load spectrum but 
that the important result, determining weak points 
the pressure vesse!, has been achieved. 
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ASTRONAUTICS—SCIENCE SPACE 
EXPLORATION; INTRODUCTION AND 


SUMMARY 


Watson* 


Defence Research Board 


SATELLITE LAUNCHINGS INFLUENCE ATTITUDE 
ASTRONAUTICS 
successful launching the first Sputnik has in- 
troduced new scientific era and changed the point 
view the whole world. The turn the year be- 
tween 1957 and 1958 corresponds the time when the 
first explorers North America were returning with 
furs and other evidence that there were new lands 
explore. Their exploits proved that the world was round, 
least that was not flat with bottomless pit 
surrounding the edges. The launching five additional 
satellites since the 4th October has convinced the 
skeptics and given new stimulus the space science 
enthusiasts. 


The moon, the planets and the stars have always been 
visible man and, throughout the ages, thoughts, talk 
and writings about space travel have existed soon after 
man developed the capability for each these skills. 
The word Astronautics, which implies travel the 
stars, has been existence for some time title the 
science space travel, but has been used with lack 
confidence until recently. The first practical steps 
the exploration space have been made and scientific 
experiments can now used supplement the theoreti- 
cal background which already well advanced. 


ROCKET PROPULSION NECESSARY FOR 
EXPLORATION SPACE 

Most the general theoretical science necessary for 
exploration space has been understood for some time 
but practical space vehicles have not been possible 
because limitations the performance and size 
motors. The recent development large rocket 
motors has made possible place earth satellites 
orbit and further development will eventually lead 


practical space vehicles. 


Some the earliest speculators did not realize that 
tocket propulsion was necessary for space travel and 
suggested the possibility sailing the moon ships 
flying there wings. However, these early ideas were 
soon replaced recognition that reaction devices 
the rocket type are the only powerful propulsion engines 
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that can develop the thrust necessary blast vehicles 
into space and continue operate the space vacuum. 
The rocket, essentially know today, was dis- 
covered the Chinese about 1200 nearly 800 
years ago and has been used weapon fire- 
works ever since. The early military rocket was not 
particularly successful because could not designed 
with sufficient accuracy and, although was used 
barrage weapon the Chinese and the Indians, was 
not until after 1800 that Congreve the United King- 
dom developed rocket which had any modern military 
significance, Even then, improvements artillery, re- 
sulting from the introduction rifling, again put the 
rocket into eclipse until World War when was de- 
veloped number forms culminating the V-2 
which, with range 200 miles, was considered 
very long range ballistic missile. 

Other approaches rocket development were also 
important; Tsiolkovski, the earliest Russian space travel 
writer, wrote paper 1895 which space travel 
using the multiple stage rocket was discussed. The paper 
the foundation Russian work the field. During the 
first World War, the American scientist Robert God- 
dard investigated the possibility using rockets for the 
exploration very high altitudes and his paper, entitled 
Method Reaching Extreme Altitudes, opened the 
modern era rocket development. few years later, 
Herman Oberth, Professor Mathematics working 
Germany, published paper entitled The Rocket 
Planetary Space and expanded few years later The 
Way Space Travel, reference book all space en- 
thusiasts. After World War the German Rocket Society 
was formed and worked with enthusiasm attain space 
travel until the work was interrupted World War II. 
Although the basic objectives were delayed, the large 
scale financial and manpower support which given 
wartime enterprises doubt advanced the basic rocket 
techniques required for exploration space more 
rapidly than would have been possible peacetime. 
recent times the British Interplanetary Society and the 
American Rocket Society have been active maintain- 
ing interest the field. Following Tsiolkovski’s paper 
1895, Russian writers started publishing papers the 
subject and recent translations indicate extensive activity 
the last few years. With the new acceptability 
space science; the amount published material in- 
creasing rapidly. 
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The rocket based the simple basic law 
physics, now famous Newton’s third law motion, 
which states that for every action there equal and 
opposite reaction. Basically, rocket consists tube, 
containing some fuel, which closed one end and 
opened through nozzle the other. When the fuel 
propellant burned the gases are projected from the 
nozzle high velocity, creating reaction force 
thrust drive the rocket forward. 

Rocket fuels may either solid liquid. the 
former, the fuel and oxidizer are solid and mixed to- 
gether, usually being cast extruded into hollow stick 
which quite often bonded cement the outside 
tube. this way, the inside the propellant free 
burn while the outside prevented from burning be- 
cause its bonding the case. This design protects 
the rocket case from the high temperature gases which 
would otherwise heat such temperature that 
would weakened and burst under the pressure gen- 
erated burning. 

Although solid fuel rockets are simple and reliable, 
the fuels and oxidizers which have suitable character- 
istics not give high performance can obtained 
from liquids; consequently, many the larger rockets 
have used liquid fuels and oxidizers. Liquid oxygen, one 
the best oxidizers, used with many different fuels 
including liquid hydrogen. The V-2 used liquid oxygen 
and alcohol. Other rockets use liquid oxygen and kero- 
sene. Nitric acid sometimes used the oxidizer, with 
kerosene aniline the fuel. Table gives perform- 
ance characteristics for number typical fuel-oxidizer 
combinations, along with theoretical non-chemical pos- 
sibilities. 

The higher specific impulse and the greater ease 
control thrust levels have made necessary use 
liquid fuel rockets for satellite launchings and, ad- 
vanced rocket motors not become available time, 
they will used for moon rockets and space travel also. 


RESEARCH REQUIRED IMPROVE ROCKETS 

The great interest space research has stimulated 
intensive examination new methods for creating 
rocket thrust. The chemical fuel systems are reaching 
the limit their capability and, although some improve- 
ment possible, unlikely that specific impulse can 
raised more than few per cent. The theoretical 
specific impulse 360 for liquid hydrogen-liquid 
oxygen rocket would represent improvement only 
about 50% over that attainable with liquid oxygen and 
alcohol. 

Nuclear reactions offer the best possibility getting 
high energy per unit weight fuel and several different 
nuclear-powered rocket types are under study. The 
combination nuclear-chemical engines which nu- 
clear reactor used heat working fluid, like liquid 
hydrogen, may the first practical engines with major 
improvement performance. 

the weight nuclear reactors can reduced 
sufficiently, will possible get specific impulses 
the order 600 800 and thrusts thousands 
pounds with relatively low chamber temperature 
about 4,000°F. improvements reactor and chamber 
materials are developed the point where much higher 
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TABLE 
TYPICAL THEORETICAL SPECIFIC IMPULSE FOR ROCKET FUELS 


Spec. 
Rocket Type Impulse Remarks 
Seconds 
Chemical: 
Oxygen-Alcohol 220 
Oxygen-Kerosene 260 
Oxygen-Gasoline 260 
Red Fuming Nitric 
Acid-UDMH 275 
Oxygen-Diborane 310 
Oxygen-Hydrogen 360 
Fluorine-Hydrogen 370 
Free Radical: 
H+H radical Chamber temp. 3000°K 
radical Very high temp. 


Chemo-Nuclear: 
Chamber temp. 4000°F 


radical 3000! 
Accelerated particle: 
Electrically accelerated 
millions Electrical field used 
accelerate ions gives high 
velocity without excessive 
temperature. Weight 
nuclear electrical energy 
conversion machinery 
prohibitive with present 
techniques. 
Fusion- 


millions Extremely high temperatures 
(millions degrees). 
Chamber protected pinch 


effect. 


temperatures could used, has been indicated* that 
specific impulses the order 3,000 sec might 
possible with dissociated hydrogen the working fluid. 


The controlled fusion reaction might also used 
heat liquid hydrogen, but practical fusion reactor 
probably farther away than the fission reactor which 
already operative for fixed powerplant use. The gain 
specific impulse would similar that obtained for 
the fission reactor rocket. 


Solar heat has also been possibility for 
creating the temperature required accelerate hydro- 
gen. large parabolic reflector would used direct 
solar radiation onto the chamber the rocket for space 
ships operating outside the atmosphere. This motor, 
which would provide relatively low thrust for 


may provide satisfactory solution for limited power 
derived from the environment relatively long flights. 


All the combined heat source-working fluid 
gines are limited the velocity with which the gas 
molecules can ejected temperatures which can 
contained the rocket. This limitation has led 
amination the possibility accelerating 
particles, ions photons and using the reaction these 
particles for thrust. Since the atomic particles 
lar fragments could accelerated high proportion 
the speed light, they would ejected velocities 
several orders magnitude above those attained 
molecules from chemical fuel rockets. has been sug- 
gested’ that, were possible control the direction 
flow fission fusion fragments themselves 
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example, magnetic fields could used direct the 
exhaust the high temperature particles plasma 
fully ionized gas from the fusion reactor theoretical 
impulse millions seconds possible. This new hope 
for powerful space engines being explored under the 
new science which may 
eventually develop whole new technology allowing 
design practical high thrust engines. 


the accelerated particle engines, the ion rocket 
has been the subject recent research and 
expresses the opinion that the ion rocket likely 
the first practical powerplant using charged particles. 
Even so, his computations don’t encourage 
engineer undertake contract build one the 
immediate future. describes ion rocket which 
nuclear reactor will used produce positive ions 
from nitrogen and, the same time, drive gas turbine 
electrical generator accelerate positive ions high 
velocity and discard electrons maintain electrical 
balance. computes that small ton space ship 
would call for propulsive power 1,500 750 
and 2,000 amp. 25% overall power efficiency, this 
would require 6,000 power source which, points 
out, would weigh more than tons with present day 
rotating machinery for converting nuclear electrical 
energy. Both Stehling* and point out that be- 
fore particle rockets will practicable more direct 
conversion from nuclear electrical energy needed. 


Free radical chemistry being studied, also, 


possible road new high specific impulse engines. 


These unstable molecular fragments have high energy 
dissociation and methods, such cryogenic cooling 
anticatalysts, can developed stabilize them and 
allow controlled release rocket chamber they could 
provide important improvements. For the 
reaction into gives limiting specific impulse 
2,160 sec. present day restrictions motor tem- 
perature about 3,000°K were observed, the radicals 
would have diluted and 1.7 moles 
plus mole radicals would give specific impulse 
975 sec nearly three times that today’s rockets. 

Propulsion the limiting factor space experiments 
and seems that this condition will continue for some 
time yet. the meantime, brute force methods utilizing 
chemical rockets will undoubtedly continue expand 
the space horizon until new techniques are practicable. 
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BALLISTIC ROCKETS MAJOR STEP TOWARD 
SPACE VEHICLES 


The German V-2 was the forerunner modern long 
tange rockets. The liquid fuel rocket motors, developed 
scientists the Rocket Society satisfy their en- 
thusiastic hopes that some day they might send rocket 
the moon satellite around the earth, formed 
basis for development the V-2 with capability 
approximately 200 miles maximum range. Further de- 
velopments the same rocket the United States and 
Russia have increased the range infinity, that the 
point where the rocket can place satellites orbit with 
long periods life. There are many ballistic 
tockets existence development. The Army 
Jupiter and Air Force Atlas, Figure and Thor, 
Figure are typical rockets. Jupiter 
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Official USAF Photo 
Figure 


USAF Atlas intercontinental ballistic missile 


Official USAF Photo 


Figure 


USAF Thor intermediate range ballistic missile 
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and Thor have range about 1,500 miles and the Atlas 
intercontinental ballistic missile has range more than 
5,000 miles. Most ballistic rockets are single-stage, that 
they have single stage tankage and motor which 
separated from the payload after the fuel burned. 
The large ballistic rocket motors provide the thrust 
necessary place relatively small vehicles orbit. Simi- 
lar motors with increased thrust will required for 
larger space vehicles. 


BALLISTIC TRAJECTORIES AND SATELLITE ORBITS 

Kepler, one the early astronomers and, incident- 
ally, one the earliest authors the subject space 
travel, discovered the laws motion for objects operat- 
ing under the influence gravity. The most funda- 
mental law states that planet travelling about the sun 
describes ellipse with the center the sun occupying 
one focus the ellipse. Although Kepler’s laws were 
stated applying planets travelling around the sun, 
they apply equally any body travelling under gravity 
orbit relative another. the case the ballistic 
rocket, the trajectory ellipse with one focus the 
centre the earth but, because insufficient velocity, 
the ellipse intercepts the surface the earth and only 
short segment complete orbit possible. the 
range rocket increased, the ellipse expanded 
and the rocket can used launch satellite travelling 
around the earth complete orbit. The orbit may 
nearly circular may have considerable eccentricity, 
that is, the ellipse may have its perogee quite near the 
surface the earth and its apogee considerable dis- 
tance. any event, ballistic rockets, satellites and event- 
ually space ships are all governed Kepler’s law. This 
simple law applies long the two bodies are suffi- 
ciently isolated from other objects condition which 
fortunately applies for most space orbits immediate 
interest. Although the computation space orbits not 
simple Kepler’s law would indicate, 
that satisfactory accuracy will attainable using exist- 
ing methods*, even hen third body and other com- 
plications are introduced. 


EARTH SATELLITES 

Although the laws governing the motion orbiting 
objects are relatively simple, the job establishing 
earth satellite difficult for several reasons. greatest 
importance the fact that the earth relatively large 
and the force gravity demands the expenditure 
considerable amount energy lift the satellite; fur- 
thermore, although the earth’s atmosphere life sus- 
taining, demands that any satellite reasonable length 
life must launched altitude about 200 miles. 
Thus, the establishing earth satellite orbits has had 
wait for the development rocket engines with 
cient power give the satellite velocity about 
18,000 miles/hr miles/sec, 200 400 miles 
altitude. 

connection with satellite launching that mul- 
tiple stage rocket technique becomes particularly im- 
portant. attain the very high velocities and 
lift the satellite 200 more miles above the earth 
requires large amount fuel which 
contained tanks. Without undertaking detailed 
analysis, obviously wasteful use fuel accelerate 


188 


Official US Army Photo 
Figure 


Launching the Jupiter-C (Explorer) from Cape Canaveral, 
10.48 EST, January, 1958 


these tanks higher and higher velocity after they 
empty. The multiple stage rocket technique 
which fuel tanks and unwanted structure can dis 
carded when they are longer needed. this vay the 
second stage rocket, starting with the velocity given 
the first stage, can accelerate small mass 
velocity than would possible the first stage tanks 
had not been discarded. The Soviet satellites are believed 
use three stages and the Explorer, Figure used 
four. the case Sputnik and the Explorer, the 
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final stage, which solid fuel rocket, remains attached 
the instrumented compartment and forms part the 
satellite. This has number advantages besides the 
obvious one that separating mechanism required. 
particular, since the final stage rocket has the same 
velocity the instrument package, will stay orbit 
anyway and leaving attached enhances both the visi- 
bility the satellite and its radar reflective area, and 
avoids the confusion between the satellite and the rocket 
which might arise observations the components were 
separated. Sputnik did separate the final stage rocket, 
the satellite itself and nose cone, and, times, all three 
these objects were observable. Sputnik and the Ex- 
plorer, Figure have the final stage rocket 
cone attached, but Vanguard, Figures and like 
Sputnik designed separate from the final stage 
rocket, leaving spherical satellite body which gives 
more meaningful drag data and makes low level satellite 
orbits easier predict. 


The satellites already launched are part the In- 
ternational Geophysical Year, cooperative program 
get more scientific information about the earth. They all 
carry scientific instruments and transmitters relay the 
information the ground. Although the first satellite 


Official USN Photo 
Figure 


Firing the USN Vanguard rocket, Cape Canaveral, 
17th 1958 
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Official USN Photo 
Figure 


Test sphere mounted the end the third stage 
the Vanguard rocket 


transmitters did not last very long (presumably because 
they used chemical batteries with relatively short life), 
solar batteries that derive their energy from the sun ap- 
pear successful and later satellite transmitters have 
been operating continuously since their launching dates. 


The IGY program has already revealed many inter- 
esting facts and will undoubtedly continue provide 
which will form the basis for future ex- 
periments. Figure illustrates the orbits the first 
satellites they would appear they had been launched 
from the same point into the same plane through the 
earth’s centre. The orbital height exaggerated 
factor two for clarity illustration. The following 
facts are interest: 


(a) Sputnik which had the lowest orbit, and Sputnik 
have both already re-entered the atmosphere and 
either burned impacted, have also the final 
stage rocket and nose cone Sputnik Sputnik 
lasted days and Sputnik 162 days. 


(b) Sputnik II, which was more eccentric orbit 
than Sputnik weighed 1,118 and was, therefore, 
the heaviest the satellites the time its launch- 
ing. The fact that the dog, carried its air-condi- 
tioned compartment, lived for several days and many 
orbits around the earth demonstrates that may 
possible for men exist satellites space ships. 
However, recent Russian announcement indicates 
that insufficient information was obtained this 
point and that return animal-carrying vehicle 
from orbit essential next step. 
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Figure 


Earth satellite orbits 
(Orbital altitude exaggerated factor 


(c) The rate which satellites are slowed depends 
the density the The informa- 
tion obtained from the satellites indicates that the 
density the atmosphere 150 200 
tude much times higher than had 
been previously estimated. 


(d) Explorer and Vanguard which were 
placed higher orbits because the excessive 
decay rates Sputniks and II, can expected 
have longer lives. 


The Russian satellites are orbits angle 
about 65° equator and, the earth rotates 
inside the orbit, these satellites pass over all the 
earth between the Arctic and Antarctic circles. 


(e) 


(f) The American satellites, which are launched from 
Patrick Air Force Base Cape Canaveral, Florida, 
are orbits angle about 35° the equator 

cover the earth only between the latitudes 
40°N and 40°S. 


(g) Because the earth not perfect sphere satellite 
orbit tends precess around the centre the 
earth. Sputnik Il, which was its lowest altitude 

near its launching point, was originally quite low 
when passed over Canada. However, the preces- 
sion finally moved the perigee south about the 
equator and would have been necessary far 
south for good view was available Canada 


December. 
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(h) The temperature measurements taken Explorer] 
have recently been They indicate 
the methods used control the internal 
ture the satellite have been successful keeping 
between 50° and 110°F quite reasonable limits 


for human endurance. The skin temperature 


between 63° and 173°F. 


(i) Cosmic ray measurements made Explorer 
lites intense cosmic ray radiation 
about 600 miles elevation. Although insufficient 
dence available establish the level, present in- 
terpretation that the geiger tubes the 
were saturated level 35,000 counts per 
second. Dr. Van Allen reported have estimated 
the. radiation level inside the satellite abou 
0.06 roentgens per hour, dose rate which would 
give man the maximum weekly quota 0.3 roent- 
gens five hours. that lead other shield- 
ing likely necessary for manned space 
vehicles. 


INSTRUMENTED MOON ROCKETS 
The next phase space experimentation will ex- 


ploration the moon using techniques similar thos 


used for launching earth satellites. There are number 
possible approaches, including impact the 


orbit and return earth, and establishing 
mented satellite around the moon make measurements 
similar those the artificial earth satellites. Eventually 
these instrument carriers might landed the moon 
and remotely controlled explore and in- 
formation. Russian describes tank-like radio- 
controlled tracked vehicle which could driven about 
the surface the moon with television cameras and 
scientific instruments measure and transmit data 
radio receivers the earth. 


Both the Russians and the Americans have moon 
rockets construction which are expected cap- 
able striking the moon orbiting near it. can 
expect this event happen any time. Little known 
the Russian program but two American agencies have 
moon rocket projects. The Army has been author- 
ized use Jupiter Figure with additional stages, 
and the USAF expected combine the Thor IRBM, 
Figure with Vanguard, Figure second stage 
new third stage. The Thor-Vanguard combination has 
reportedly been fired ballistic orbit 
about 5,000 miles down range from Cape Canaveral, 
Florida. 


There are number different which 
rocket might fired the moon. However, the mos 
practicable method appears simple extension 
the earth satellite technique. There are practical 
culties because the geometry the moon’s orbit 
tive the earth and the particular launching site. 
maximum payload carried for given rocket, 


will necessary reach the moon near the apogee 


artificial earth satellite’s orbit. For minimum 


launching site within 15° 29° (depending 


launch) the equator would required. 
polar orbit used, seems possible strike the 


moon orbit near from present launching sites. 
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demanded for moon strike is, however, 
much higher than that required for earth satellite. 
The velocity will have accurate about 100 ft/sec 
35,000 and the angle launch must within 
about 0.2°. 


The first moon rocket will undoubtedly 
relatively small but plans are being discussed for in- 
creasing the payload. has been stated 
that Convair has completed preliminary designs for 
200 ft, ton, two-stage, chemo-nuclear vehicle capable 
landing payload 22,000 the moon. sug- 
gests that during 1958-60 shooting the moon, circum- 
navigating it, establishing satellite around and making 
suggest that during 1964-70 will possible land 
instrumented vehicles the moon, send out manned 
rockets for lunar reconnaissance and, finally, land 
small scouting parties. extensive timetable for the 
development manned space flight over the period 
from 1957 2100 given recent special report 
space This timetable also forecasts lunar ex- 
ploration 1970 but goes predict manned Venus- 
exploration 1985, Martian exploration early 
1990’s, solar system reconnaissance 2000, and ex- 
ploration outside the solar system 2045. 


MANNED SATELLITES AND SPACE VEHICLES 

Both Russian and American sending 
manned vehicles the moon. these lunar voyages are 
made, manned vehicle will necessary and the 
technique must developed. The USAF X-15 de- 
signed fly short hops between two air bases bal- 
listic trajectories altitudes 200 miles. These 
altitudes correspond those satellite orbits and all 
the same environmental conditions will encountered 
for short periods. The re-entry manoeuvre will un- 
dertaken each flight. 


More advanced manned satellite proposals, including 
vehicles which would perform one more complete 
orbits before re-entry, have also been and 
some these may undertaken the near future. 
the technique improved short hops, the manned 
vehicle will placed orbit with the capability 
the earth. During these flights the problems associated 
with crew protection, weightlessness, isolation, artificial 
cabin control, long duration missions, space navigation 
will explored and solved. 


When the problems manned satellite flight have 
been solved, the propulsion problem arises again when 
longer flights are considered. The manned satellite will 
have the velocity 18,000 miles/hr miles/sec re- 
quired remain orbit outside the earth’s atmosphere. 
longer space flights are undertaken, will 
attain the velocity escape from the gravi- 
tational field the earth and travel the field the 
sun, Since the gravity force varies inversely the square 
the distance from the centre the earth, de- 
creasing rapidly altitude increased, and additional 
7,000 miles/hr miles/sec velocity will bring the 
satellite velocity the 25,000 miles/hr miles/sec 
escape from the earth’s gravitational field 
the vehicle headed the right direction 
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when attains “escape velocity”, can made 
coast wide selection destinations. However, 
will necessary attain escape velocity with space 
vehicle carrying enough fuel land and return from 
the moon one the planets, successful return 
made. The extra fuel required for return puts 
serious strain the propulsion techniques and larger 
thrust engines refueling techniques will necessary 
before these flights will possible. 

Ideally, would like rocket-type reaction motor 
much lighter weight using fuel with greater energy 
per pound. Projects for improving rocket propulsion 
the future have been described above. There is, however, 
another point our favour. manned satellite orbit 
can established with chemical fuels the orbit decays 
very slow rate and the additional velocity required 
attain escape velocity could built more slowly 
without great disadvantage. Thus relatively low thrust 
motor could used gradually increase the velocity 
the satellite vehicle. Solar ion engines might 
used for this purpose. 


SPACE STATIONS REFUELING POINTS 

Another device common both science fiction and 
serious literature the space station. you consider that 
satellite might contain fuel tanks instead instru- 
ments, possible visualize space station being 
built refueling station circling about the earth 
stable orbit similar those the present earth 
satellites. manned space craft could then rendezvous 
with the space station and refuel before leaving for space 
destinations. serious establish manned 
space station some 15,000 using seven Atlas rockets 
carry the component parts into the orbit has been 
made Convair. 

There much that could written the subject 
space station development, but reasonable 
assume that either satisfactory space station im- 
proved rocket motors the atomic, solar free- 
radical type will available accelerate space 
ship the escape velocity with load fuel sufficient 
for return earth after space mission. The cap- 
ability return means, course, that will have 
enough fuel exceed the escape velocity the planet 
destination and enough manoeuvre into stable 
orbit about the earth return. this respect 
interesting note that the fuel required for manned 
space ship rendezvous with space station more 
than that required for flight the moon and return. 


SPACE TRAVEL 

Examination Figure indicates that, although the 
propulsion problem space travel extremely difficult, 
not impossible. consider the fact that all the 
planets are travelling about the sun practically the 
same plane, will realized that the velocity the 
earth around the sun will contribute establishing 
solar orbit for space vehicle. the vehicle leaves the 
earth with the correct direction and time, velocity 
only slightly greater than the escape velocity required 
establish orbit about the sun which would inter- 
cept the planet destination. 

The establishment 3,000 satellite orbit 
only very early indication future capability for 
space exploration. energy increase about 50% 
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HIGH ENERGY ORBITS REQUIRING 
VELOCITY OF ABOUT 60 MPS 
TAKING LESS THAN 7 DAYS. 


LAUNCH 


MARS LANDING 


EARTH LAUNCH 


Figure 


Solar for space travel Mars and Venus 


sufficient cause equivalent mass orbit out 
lunar distances and further increase only about 
required for orbits Mars Venus. The facts in- 
dicate that the capability for instrumented lunar and 
planetary exploration are now within reach. 


The planets greatest interest for near future ex- 
ploration are Venus and Mars. Venus inferior 
orbit and Mars superior orbit that the earth. 
Typical low energy orbits that might followed 
Mars and Venus are illustrated Figure Undoubtedly 
the first trips the moon either these planets will 
return trips, with the space vehicle orbiting about the 
planet number times until the earth suitable 
position and then accelerating sufficiently return. 
Since the moon, Venus and Mars are all much smaller 
mass than the earth, the “escape velocity” and therefore 
the fuel for return somewhat smaller than that re- 
quired escape from the earth. There is, course, the 
possibility leaving fuel tanks established orbit 
around these remote planets. this way reserve 
fuel could built against the time when desir- 
able land. doing this, the space ship could avoid 
the necessity carrying the fuel for overcoming the 
difference between the orbital velocity and the escape 
velocity down the surface the planet and again 
orbital height. 


Consideration the problems travel the moon 
and the near planets has been continuous. 
difficulties travelling the moon the fact that 
the moon has practically atmosphere and that 
very hot during the lunar day and very night. 
tive there would require the establishment dwell- 
ings, workshops and vehicles pressurized and air-condi- 
tioned fashion similar that high altitude 
aircraft. Dwellings will likely underground, con- 
structed heavy stone igloos, contain the pressure 
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artificial atmosphere and give protection against 
heat, cold and meteors. 

Arthur and have put forward 
concepts for future lunar colony, including permanent 
dwellings, hydroponic farms, communication centres, 
space port, oxygen and water supplies etc. Those who 
are interested space exploration can find fascinating 
reading large number books and publications 
the subject. Typical examples are listed among the 
ferences this paper. spite the difficulties 
establishing permanent colony there, the moon has 
many advantages intermediate station 
travel. has escape velocity only miles/sec and 
already possesses velocity corresponding closely the 
earth’s solar orbital velocity. Particularly local rocket 
fuel could found manufactured, would become 
important stopping point for travel more distant 
destinations. 


Although possible become quite enthusiastic 
and imaginative about space exploration, the unsolved 
problems have sobering influence those who 
serious consideration practical aspects future space 
travel. While propulsion remains one the 
hurdles, problems structures, re-entry 
space navigation and rapid computing multiple 
ity field orbits, guidance and control space ships, 
communication, human factors, provision food and 
oxygen, waste processing and reliability equipment 
are all areas requiring intensive research before 


practical vehicles for space exploration can 


taken with confidence. 


SPACE EXPLORATION PROJECTS 


The provision practical space vehicle will 
vide new tool for research projects explore the 


unknowns space. Progressive investigation will probe 
the regions surrounding the earth, the earth-moon 
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region, the near planets, Venus and Mars, the 
outer planets the solar system and, eventually, the 
extra-solar, interstellar intergalactic regions. very 
long list research investigations could drawn 
for each the regions and the list restricted 
earth and moon only, there are still very consider- 
able number interesting investigations which 
start can now made. The IGY program using earth 
satellites get information about the earth’s magnetic 
field, the level solar and cosmic radiation, the mass 
and shape the earth, accurate intercontinental map- 
ping, the density the upper atmosphere, and nature 
and composition the dust and atomic molecular 
fragments obtained space, the mapping cloud cover 
aid meteorology, the temperature equilibrium 
satellites orbiting space etc. Preliminary informa- 
tion many these fields already available, including 
unpredicted results. Future experiments can 
expected provide new information which will 
affect the future mankind. has been for 
example, that earth satellites could used reflect 
sufficient sunlight provide level artificial moon- 
light which would illuminate the whole earth, allowing 
continuous daylight operation, reducing the power re- 
quirement for artificial illumination, increasing crop 
yields and having many other effects which could not 
foreseen. 

the exploration moves out the moon and the 
near planets, will interest establish whether 
not they have magnetic fields, the nature and density 
the atmosphere, the mass and composition the 
materials forming the planets, the nature and origin 
lunar rays and craters, the existence otherwise 
plant animal life. the exploration expands, in- 
creasing number interesting investigations will 
revealed. 


NEW ATTITUDE ASTRONAUTICS WILL 
STIMULATE RAPID PROGRESS 


The launching earth satellites has already had 
great impact which has stimulated reassessment 
what known about space science. Although the re- 
assessment has revealed considerable body informa- 
tion, infinitesimal compared with the information 
which likely derived within the next decade. 
New information has already been obtained from space 
but this information relatively unimport- 
ant when compared with the impact which completely 
new intellectual environment for the scientific world, 
and completely new attitude space science the 
part the whole human race, will have the future 
science. 

The new interest astronautics reflected the 
very high rate publication popular and serious 
information the subject and the willingness 
commit extensive financial support space research 
programs. recent estimate the build-up the 
space budget that two billion dollars will 


Spent the end 1958, and that fifteen billion dollars 
will spent 1970. The challenge space before 


probe 


q 


the world and the new attitude space exploration can 
expected stimulate rapid progress. 
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Royal Canadian Air Force 


INTRODUCTION 
evaluation supersonic interceptor armed with 
air-to-air guided missiles subject that has been 
given, and being given, great deal thought 
many people and out the RCAF. The subject 
broad one; however, hoped the detail given here 
will sufficient give reasonably clear picture the 
RCAF approach the evaluation. 


DEFINITIONS 
few definitions are necessary before the general 
subject discussed. 


Weapon System 

The common phrase used and out the RCAF 
today “weapon system”. “weapon includes 
the aircraft, the ground support equipment and the 
necessary aerodrome facilities required enable the 
airborne part the weapon system maintained 
state readiness, get airborne, land and turned 
around the time periods specified. This “system” 
should not confused with the “Defence System” 
which includes, well the weapon system, the radar 
networks, the intercept control facilities and all the ad- 
ministrative and logistic organization that goes along 
with it. The airborne portion the weapon system 
the aircraft which contains electronic system and 
carries air-to-air guided missiles. 


Electronic System 

The electronic system includes the airborne radar, 
the telecommunications system, the navigation system, 
the automatic flying control system and other 
equipments. This electronic system provides the all 
weather, day and night intercept capability the air- 
borne part the weapon system. 


Ground Support Equipment 

The ground support equipment includes all the mov- 
able equipment required the ground maintain the 
airborne part the weapon system, turn around 
keep state readiness. The variety and amount 
equipment required for these purposes are increasing 


read before the Ottawa Branch the the 
12th February, 1958. 

Commanding, Arrow Evaluation Team, Central Experi- 
mental and Proving Establishment. 
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THE RCAF APPROACH THE EVALUATION 
SUPERSONIC INTERCEPTOR ARMED WITH 
AIR-TO-AIR GUIDED MISSILESt 


proportion weapon systems become more 
and the time periods for readiness and scramble are 
compressed. 


WEAPON SYSTEM EVALUATION 

The RCAF evaluation any new weapon system 
begins long before any hardware designed 
duced and continuing process until well after 
squadrons are initially equipped. This continuing 
tion includes the Mock-Up Review Boards which 
ate wooden and/or metal mock-ups and Engineering 
Evaluations which are conducted the first second 
aircraft built. The portion the evaluation programme 
that this paper covers some detail the flight test part 
the overall evaluation. 

The RCAF some time ago drew and defined eight 
different stages phases cover the total flight tes 
evaluation required for the airborne part the 
system. These phases were patterned some extent 
those used the USAF (see Figure 1). 


Phase Contractor Airworthiness and Equipment 
Functioning 

Phase RCAF Preliminary evaluation 

Phase Contractor Check out modifications 

Phase RCAF Complete performance and 
handling trials 

All weather evaluation 

Intensive flying trials 

Aircraft weapon system 
evaluation 

Operational suitability 


Phase RCAF 
Phase RCAF 
Phase RCAF 


Phase RCAF 


Figure Flight Test Evaluation Phases 


Phase Airworthiness and Equipment Functioning 

This phase carried out the Contractor and 
cludes ground functional checks the aircraft system 
prior the first flight and the initial flying 
much the flight envelope possible. The 
amount flying time accumulated during this 
varies with the type aircraft and depends 
extent the problems that are encountered but should 
vary somewhere between 100 and 150 hrs. 
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Phase Preliminary Evaluation 

This phase conducted the RCAF, usually the 
Contractor’s plant get initial first hand apprecia- 
tion the handling characteristics and performance 
the aircraft. Total flying time approximately hrs. 


Phase Check out Modifications 

This phase carried out the Contractor check- 
out improvements changes found necessary result 
tests other phases. 


Phase Complete Performance and Handling Trials 

This phase carried out the RCAF RCAF 
test base. Extensive quantitative data acquired during 
this phase the RCAF check and complete Pilots 
Operating Instructions for the aircraft. The flying time 
required approximately 150 hrs. 


Phase All Weather Evaluation 

This phase carried out the RCAF RCAF 
test base evaluate the weapon system the ground 
and the air under extreme weather conditions. 


Phase Intensive Flying Trials 

The object this phase build maximum 
number flying hours short time possible 
establish the reliability airframe components 
stalled equpiment, evaluate the ease maintenance, 
determine the rate parts consumption and establish 
personnel requirements for maintaining the aircraft 
squadrons. This phase conducted the RCAF 
RCAF base. 


Phase Aircraft Weapon System Evaluation 

This phase covers the airborne part the weapon 
system determine its kill capability against specified 
targets. carried out RCAF base. This phase 
will discussed later some detail. 


Phase Operational Suitability Trials 

This phase covers the complete weapon system 
check out the defence system whole and work 
out tactics that will ensure maximum effectiveness for 
the whole defence system. 


The above phases, when completed, should have pro- 
vided very comprehensive and exacting evaluation 
the weapon system. This will come about, however, only 
careful planning carried out leading the 
various phases ensure that all the necessary support 
equipment, base and range facilities and trained per- 
sonnel are available when required and the quantities 
tequired. This detailed planning involves quite large 
number RCAF personnel and, course, Contractor’s 
personnel. 

Each phase must, course, carried out success- 
fully and the shortest possible time order gain 
the maximum benefit. The preparations leading 
each phase are, therefore, utmost importance en- 
sure that maximum and sustained effort can made 
carrying out each phase once begins. Note that Phases 
2,4, and are carried out the Central Experimental 
and Proving Establishment, CEPE commonly 
teferred to, and Phases and the appropriate Op- 
erating Command. The writer most familiar with the 
phases CEPE are responsible for and most the fol- 
lowing details will these phases. 
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FLIGHT TEST WORK 

The type flight test work involved during Phases 
and can best covered outlining some, 
not all, the objectives for each these phases. 


should noted the RCAF intends closely 
associated with all the Contractor’s flight test pro- 
grammes while they are progress order that detailed 
knowledge the capabilities the weapon system 
acquired long before the RCAF phases begin. This 
should enable the RCAF carry out service pro- 
grammes highly efficient manner and avoid dupli- 
cating something that already had been carried out 
satisfactorily the Contractor. 

The objectives the CEPE phases are follows. 


Phase objectives are: 

(a) measure performance which includes landing 
and takeoff, climb, maximum and minimum level 
speeds, range, turning and descent performance. 
One problem associated with performance that 
measuring thrust, which difficult when the after- 
burner operating due the high temperatures 
generated. Performance tests will carried out 
with and without afterburners operating. 


(b) assess stability and control which includes longi- 
tudinal, directional lateral stability every 
configuration which the aircraft liable fly 
within the allowable centre gravity and weight 
ranges, with and perhaps without the damper sys- 
tems operating. 


Phase objectives are: 

(a) assess the capability the engines the aircraft 
start after cold soaking for various periods 
time moderate and extreme, low ambient tem- 
peratures. 


(b) assess the capability all systems the aircraft 
function satisfactorily after soaking the aircraft 
extreme, low and high ambient temperature con- 
ditions. 


(c) assess the tracking capability the airborne 
radar system rain and snow. 


(d) assess the characteristics the aircraft during 
blind approaches, that rain, snow, heavy 
overcast. 


(e) assess the flying characteristics the aircraft 
during moderate extreme icing conditions. 

The Phase programme which the phase covering 
the engineering evaluation the airborne portion the 
weapon system far the most complex part 
CEPE’s evaluation programme. The preparations leading 
this phase the evaluation must most thorough. 
These preparations can divided into two major 
aspects; the design the experiment programme 
events and the development suitable evaluation 
system. 


DESIGN THE EXPERIMENT 

the design the experiment the objective 
determine how many and what kind “shoots” are 
required successfully complete the evaluation pro- 
gramme. “shoot” flight test exercise which may 
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trials 


may not involve the actual firing missiles. Initial 
shoots are conducted carrying “captive” missiles 
order determine many faults the electronic sys- 
tem and missile possible without actually firing the 
missile(s). These shoots are called “dry runs”. The 
fewer the number shoots carried out, the less ex- 
pensive the programme. Two items that may ex- 
pended during any one shoot are course the missile 
and the target. one each were expended per shoot the 
cost per shoot could well exceed the total salary 
RCAF engineer for more than ten year period. 
essential, therefore, that the number shoots kept 
minimum but also essential that the evaluation 
programme carried out thoroughly and successfully 
and reasonable time period. The best engineering 
brains available will brought bear the design 
the experiment order ensure the most satisfactory 
and the most economical programme worked out. 
explain the approach simple terms how- 
ever, attempt this given below. 

_It should remembered the overall objective the 
weapon evaluation assess quantitatively the 
functional capability the weapon system counter 
enemy air threat, determine the deficiencies the 
system which will prevent from achieving this goal 
and make recommendations for the improvement 
these deficiencies. Some the detailed objectives within 
this general objective are: 

(a) assess quantitatively the effectiveness the 
weapon system terms kill probability through- 
out the altitude and speed ranges the 
which means the missile warhead effectiveness and 
target vulnerability should known determined, 
together with the variation accuracy when the 
attack vector, the launching speed, the launching 
range and the altitude are varied. 


(b) assess the electronic counter countermeasure 
capability the weapon system and recommend 
procedures and modifications improve this cap- 
ability. 

order assess anything quantitatively, neces- 
sary convert all aspects that are involved mathe- 
matical relationships. These mathematical relationships 
will not given here but the complex nature the 
problem will pointed out. There are three major 
pieces equipment involved shoot—the aircraft, the 
missile and the target. The aircraft contains complex 
electronic system, the missile contains guidance and 
control system, while the target may relatively 
simple piece equipment. 

However, assess realistically the kill cap- 
ability the weapon system should appreciated 
that the target used the evaluation should have speed, 
altitude and radar reflectivity characteristics comparable 
with those the enemy threat. this type target 
not available, data gathered firing inferior type 
targets must extrapolated. The characteristics the 
target that used must known detail the de- 
signers the experiment. some 
variables from the equations and simplify matters 
some extent. 
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designing the experiment all objectives are 
lated into mathematical objectives constructing 
theoretical framework which based 
relationships between sub-systems and relating the 
whole system using equations containing selected basic 
parameters. The whole system composed the 
craft, the missile and the target. Equations 
must written expressing the parameters terms 
measurable quantities. logical set measurement 
must made that the entire chain events during 
attack may followed. The final determination 
the parameters measured will come about through 
detailed knowledge the electronic system, the missile 


and the target. 


With the construction the theoretical framework 
the values variables, such altitude, speed, launch 
conditions and others which should chosen, can 


determined and the actual number shoots required 


can worked out. 


THE EVALUATION SYSTEM 

The evaluation system comprises all facilities and 
equipments required during evaluation programme 
(see Figure 2). Included are: 


(a) Base Facilities 


(b) Range Facilities 


Support Equipment 


(d) GCI Radar Facility 
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Adequate runways 
Hangarage and office 

Laboratories 

Personnel housing 

Data reduction and com- 
puting facilities 
Maintenance and check out 
facilities for missiles and 

aircraft, including the 
electronic system 
are 
equate range area 
Ground data acquisition 
systems (kinetheodolites 
and telemetry ground 
stations) 
Precision radar and the 
systems 
Control facilities (for con- 
trol all activities both using 
the ground and the 
during shoot) Cont 
Targets 


Target ancillary prior 
such miss distance 
ment including drone Phase 
recovery equipment will 


ECM equipped aircraft syster 


Chase aircraft some 
Adequate data acquisition 
systems aircraft and 
missiles 


All other necessary DATA 


j t 
support equipmen will 


Clated 


trans- 
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and Evaluation System 
the 
Some the items included this evaluation system appreciated that the gathering data, its reduction 
are self-explanatory and will require discussion. Some readable form and the analysis the results the 
will discussed detail. Initially necessary, how- rime requisite any evaluation programme. Thus 
ever, understand the extent which absolutely necessary the evaluation weapon 
system will used. was stated before that Phase where time important, that the most modern 
would carried out the Contractor’s and Phases and automatic methods gathering and handling data 
would carried out RCAF test bases. For are used. The present day methods acquiring data are: 
the evaluation complex weapon system the logistics, Airborne Equipments Cameras (Photo panels) 


personnel, data handling and many other problems will 
simplified the latter three phases are carried out 
both using one evaluation system. Thus one evaluation system 
the aif used for Phases and Also the principal 
Contractor required demonstrate the weapon sys- 
before the Phase programme begins. The evalua- 
system must used the Contractor for work 
and during the actual demonstration. Thus 
suitable evaluation system will very important fac- 
tor the successful evaluation the weapon system. 
Phase and the Contractor’s demonstration programmes 
will require the use all the items the evaluation 
system; Phases and will require the use only 
some the items. With proper planning and scheduling 
Will possible have two more these pro- 
and run off simultaneously within the evaluation 
system. 
ACQUISITION AND DATA REDUCTION 
group items the evaluation system that 
Will discussed some detail are all those items asso- 
with data acquisition and data reduction. should 
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Oscillographs 
Magnetic Tape 
Telemetry 


Ground Installations Kinetheodolites 
Telemetry Station 


The time required develop film, make prints and 
read off the data slow process best and always 
laborious. However, cameras cannot discarded alto- 
gether for the purposes recording data and events. 
Oscillographs offer flexible method data acquisition 
and data reduction. They are limited, however, the 
number parameters that can measured any one 
time and require manual operations during read-out and 
reduction. They serve purpose, where only monitoring 
parameters required. 

magnetic tape system offers many advantages 
the business data acquisition and data reduction and 
analysis. The chief advantages associated with magnetic 
tape are: 

(a) More data can collected during one flight. 
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Figure 
Data Acquisition Magnetic Tape 


(b) Automatic reduction the data readable form 
possible. 


(c) The data can fed into computer for analysis 
with manual read-out required. 


This type system thus provides the means acquir- 
ing, reducing and analyzing large volume data 
relatively short period. “It not without its disadvantages 
because more expensive initially than other systems 
and may require more maintenance and calibration 


checks. 


There have been many varieties tape 
systems produced the This variety tended 
create quite chaotic condition, particularly when ex- 
tensive additional equipment was required the ground 
for data reduction purposes. This situation was recog- 
nized some time ago the various agencies the U.S. 
and the Inter Range Instrumentation Group formed 
standardization committee agree suitable standards 
for magnetic tape systems. The RCAF has now adopted 


these IRIG standards for magnetic tape systems. 


simple magnetic tape airborne data acquisition sys- 
tem shown igure. This system consists trans- 
ducers, multiplexer and ‘amplifier equipment and the 
magnetic tape recorder and/or the transmitter tele- 
metry being used. transducer gadget that trans- 
forms basic raw data into electrical currents. These 
currents are amplified and scrambled some extent 
before being recorded the magnetic tape. The tape 
one inch wide and will carry tracks information. 
With suitable commutation and multiplexing pos- 
sible simultaneously record information from approxi- 


mately 250 transducers the tape. 


Having recorded the information will necessary 
get the information off the tape, unscramble and 
bring out readable form. This means playing the 
tape back using reproducer which essentially the 
same the recorder. One track information played 
back time and the information supplied each 
transducer can fed into oscillograph and/or oscil- 
ioscope. the information from transducers were 
recorded the one track, then there would traces 
the oscillograph. Simultaneously with this playback 
the information fed through analog digital con- 
verter and recorded tape again, only now digital 
form. The project engineer then will determine look- 
ing the traces the oscillograph what information 
should further reduced. may decide that only 
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Figure 
Data Reduction from Magnetic Tape 


traces need further reduction and perhaps only in- 
formation various intervals some minutes re- 
quired. possible pick out these traces now 
recorded digital form and with automatic search 
and control unit cover the exact times the information 
required. These pieces information are then put 
through scaler and corrector and can plotted auto- 
matically plotter fed directly into 
digital computer. This data reduction system shown 
igure this manner vast amount information 
can recorded and processed quickly with manual 
operations being practically non-existent. Only this 
manner possible for evaluation programmes 
run off any kind predetermined schedule. 


should noted that there still going some 
data collected film, during the Phase programme 
particularly. This film will from the kinetheodolite 
cameras the ground and from the cameras that may 
the interceptor and target aircraft record the 
trajectory the missile and perhaps the “miss distance” 
between the missile and the target. This whole problem 
being studied, however, try and find some means 
recording the information that automatic methods 
processing this data can used. 


TRIALS CONTROL CENTRE (see FIGURE 


This one other item the evaluation system that 
will discussed. This centre responsible for con- 
trolling all the activity during shoot and could 
considered the “brain” the evaluation system. 
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Trials Control Centre 
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are eight people operating this control centre 
during shoot. Information fed these people 
radio and telephone. Each person has definite responsi- 
and knows from the equipment front him 
regular verbal reports coming radio tele- 
phone that everything behaving should be. 

The key man during shoot the Trials Master who 
knows exactly what each airborne vehicle required 
and the timing that needs adhered to. Proper 
timing absolutely essential the impact between the 
missile and target going take place within the con- 
fines the instrumented range. This timing becomes 
most acute when speeds both the aircraft and target in- 
crease supersonic values. The Trials Sponsor usually 

the project engineer and particularly interested the 
information coming through telemetry from the air- 
craft and missile. The Instrumentation Officer keeps tab 
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the functioning all telemetry and radio equipment 
being used the ground. The Photo Officer keeps tab 
the functioning all kinetheodolite cameras. The 
Range Safety Officer means information from the 
GCI keeps tab all airborne activity. The Aircraft 
Control and Target Control Officers keep track and 
direct the aircraft and target respectively. All these 
people are direct contact with each other and any one 
them may indicate that exercise should scrubbed 
due some malfunction because the timing off. 

There are other items the evaluation system that 
should perhaps discussed. However, hoped that 
discussing the data acquisition and data reduction 
systems and the Trials Control Centre appreciation 
the complex nature some the equipment the 
evaluation system and the complexity the operation 
the evaluation system will have been achieved. 
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INTRODUCTION 

the jet driven airplane now common- 
place, fairly wide civil use and almost exclusive 

military use, this does not mean that all the problems 

associated with the operation jet engines have been 

overcome. 

This paper constitutes attempt review dis- 
passionately possible the existing turbine fuel handling 
techniques and, passing, form opinion the 
relative merits Kerosene and JP4 based purely ob- 
servation such techniques and operational experi- 
ence. hoped that this will helpful towards doing 
all that can done with existing equipment ensure 
safety, reliability etc., and will impress people 
the operating level with the importance their tasks 
and the very real responsibility which theirs. also 
hoped that people responsible for the operation tur- 
bine engine aircraft who not already have live edu- 
cational programs connection with fuel handling will 
consider instituting such programs. The dividends will 
very high. 

Contrary opinions publicly expressed well 
known people the industry, the present turbine engine 
fuel system many times more sensitive contamina- 
tion than ever its older “reciprocating brother” was. 
growing appreciation this fact, based most cases 
very painful operational experience, has given rise 
number excellent papers; e.g. References and 
The oil companies are bending their efforts satisfy- 
ing the requirements their customers’ equipment 
without always having the benefit any standard 
cleanliness work to. Understandably they also have 
their own opinions the best solutions the problem. 


CLEANLINESS STANDARDS AND CONTROL 

great weakness fuel handling procedure has been 
the lack specific cleanliness standard and practical 
method sampling and assessing solid contamination 
present fuel. 

Although have direct knowledge it, there 
probably much being done the oil companies the 
development sampling and assessing techniques and 
gratifying know that Trans-Canada Air Lines 
have working procedure capable accurately measur- 
ing the weight and size solid contamination down 
less than solid per Imperial gallon and 0-5 mic- 
rons diameter; this has been great assistance 
cleanliness control. 


+Received 14th March, 
*Sales and Service. 
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for the establishment cleanliness standards, this 
the responsibility the designers and manufacturers frequ 
the equipment using the fuel and existing specifica- troub 
tions should rewritten include specific require- techn 


ments. that, 
the 
FUEL HANDLING 


the course widely scattered visits airlines, the 


aircraft manufacturers and operators, engine manufac- 
turers, oil companies and filter companies, was readily from 
apparent that very few people the operating level, 
maintenance technicians, fuel dispensers, mechanics etc., 3,400 
had much idea the extremely high standards clean- the 
liness demanded. most cases, while provision was 
made for recording pressure drop, filter changes etc, 
and certain broad tolerances were laid down, the matter 
was treated little importance that very rarely pump. 
could specific answers given such questions as: but 
(1) How often are elements changed? and 
(2) What you expect see the “sight glass”? 
(3) What the normal pressure drop across your filter 
unit? examir 
(4) What the maximum pressure drop across your 
filter unit? Opera: 
(5) How often you calibrate your pressure gauges? 
(6) What type and what the normal micron value (2) 
your filter element? (3) 
(7) How often you clean out the filter unit and (4) 
how? 
(8) What you inspect the filter unit for? (5) 
(9) When you inspect fuel hose nozzle screens? 
was striking note the almost childlike 
the fact that “anyway there was good filter further life: 
down the line and though some contamination got (1) 
because the cap was left off hose nozzle dropped (2) 
the mud etc., well that was why the engine had good 
filter This vague reliance the fuel filter 
appears more widespread than generally realized and 
inducive careless handling with its attendant 
dangers. 
cannot emphasized too strongly that the 
start the cleaning process the refinery and each step 
towards the aircraft should carefully controlled, using 
the best available equipment and strictly imposing rigid 
minimum handling requirements. This does not imply (1) 
that engine filters are not needed but does long (2) All 
way towards ensuring that the last and smallest filter (3) Flo 
the line not expected remove large quantities Set 
contamination point where the cost filtration (5) 
much higher and where filtration failure can have (6) Lat 
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results. That the airlines and the oil companies are now 
well aware the need for very clean fuel evidenced 
the papers referred earlier and the program 
instituted recently Imperial Oil implement the 
recommendations Reference 


All this takes time, however, and meanwhile existing 


storage and trucking facilities have used. The ques- 


(1) Adequate settling time tanks before use 


tion that should uppermost our minds how use 
them the greatest advantage and give some recom- 
mendations later this paper. 


LUBRICATING PROPERTIES 

Apart from questions fuel cleanliness, has been 
frequently claimed that Kerosene liable give less 
trouble than JP4. Without becoming involved deep 
technicalities, certainly appears reasonable assume 
that, from the point view lubrication, the fuel with 
the higher should better. 

Some interesting evidence emerges from study 
the fuel pump life experienced four operators. Firstly, 
Operator was obtaining life 1,000 hrs (improved 
from 650) with numerous failures, using Operator 
using the same aircraft Operator was obtaining 
3,400 hrs with failures, using Kerosene. first sight, 
the increased life experienced Operator appeared 
attributable the type fuel but the picture was 
confused considering Operator who also used 
Kerosene but got only 1,000 hrs life with the fuel 
pump. Operator using basically the same fuel pump 
but under conditions maximum load most the time 
and running higher speed got normal life 300 hrs, 
using JP4. 

examination the handling procedures claimed the 
various operators produced the following information: 


Operator 650 hrs fuel pump life: 

(1) Fuel: JP4 

(2) 90% fuel from one oil company 

(3) Bottom suction employed generally 

(+) Vertical tankage relatively low capacity (15,000 
gals average) 

(5) Dispensing same general standard employed for 

AVGAS 


Clean-up program resulting 1,000 fuel pump 


(2) Latest filtration elements rated microns situated 
downstream and series with combination filter/ 
water stripper rated microns 

(3) New hoses flushed with 10,000 gals fuel (based 
actual tests) 


(+) Importance clean fuel continually emphasized 


handling crews 


Periodic sampling and laboratory tests 


Operator 3,400 brs fuel pump life: 
(1) Fuel: Kerosene 

(2) All fuel from one oil company 

(3) Floating suction employed 

(4) Settling time allowed 

(5) Horizontal tankage 

(6) Latest filtration equipment 
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Operator 1,000 fuel pump life: 

(1) Fuel: Kerosene 

(2) Fuel from one main and various lesser suppliers 
(3) control storage and dispensing conditions 


Operator 300 brs fuel pump life: 

(1) Fuel: JP4 

(2) Fuel from various suppliers 

(3) Bottom suction employed 

(4) Vertical tankage 

(5) Settling time doubtful 

(6), Mixed filtration equipment 

(7) Dispensing same general standard employed for 
AVGAS 

Based the foregoing operators’ stated handling 
procedures and the fuel used each case, one might 
conclude that since apparently Operator handling 
his fuel (Kerosene) ideally, very clean indeed and 
able obtain long fuel pump life. Operator 
has demonstrated that improving his handling line 
with Operator though using JP4, shows sub- 
stantial improvement and hopes eventually to-equal the 
pump life obtained Operator and when does, 
would suggest that the relative lubricity the fuels 
is, has been said, red herring, hiding the true 
villain, abrasive contamination the 

However, cannot concede that there indeed 
case for lubricity, since the stated procedure Operator 
did not bear close scrutiny actual practice. The 
handling Kerosene Operator was fact much 
inferior the handling JP4 Operator for 
example, the following respects: 


(1) settling time was possible several locations, 
since fuel was being used fast was being 
stored. 

(2) Floating suction was unserviceable some cases and 
might even have been the bottom. 

(3) Only nominal flushing new hoses was practised. 

(4) records were maintained filter element 
changes etc. 

(5) Rather indifferent control was exercised over in- 
dependent haulage contractors. 


strongly suspected that samples the Kero- 
sene used Operator had been taken the refuelling 
nozzle, they would have been found contain much 
more contamination than the JP4 used Operator 
Yet Operator has never experienced fuel pump 
failure over 1,500,000 hrs operation and many pumps 
are returned service without any part replacement! 
The only conclusion can draw from the foregoing 
that fuel pumps will tolerate more contamination 
Kerosene than JP4 and will still give better service. 

The above conclusion supported, mind, 
considering the rejection rate Flow Control Units. 
The FCU has not the same problem the fuel pump: 
the latter susceptible rapid deterioration the pre- 
sence abrasive contaminants; but the FCU suscep- 
tible plugging very fine control orifices, valves etc. 
contamination present sufficient size and quantity, 
then, regardless the fuel used, malfunctioning the 
FCU will probably occur whether not lubricity 
factor the life the fuel pump. Malfunction 


201 


this 
rers 
etc., 
was 
etc., 
atter 
arely 
filter 
your 
uges? 
and 
ith 
ed in 
good 
filter 
and 
q 
place 
step 
using 
rigid 
imply 
long 
ties 


the FCU usually not nearly spectacular pump 
failure and consequently has been partly obscured the 
past for this reason. 


interesting note that the ratio FCU fuel 
pump failures usually very high and Operator using 
Kerosene and getting such excellent results with fuel 
pumps, apparently worse off far FCU’s are con- 
cerned. Now the Kerosene question was relatively 
clean virtue supposedly ideal handling pro- 
cedure, then surely the same good results experienced 
with fuel pumps should have been repeated with FCU’s 
which are much more sensitive fuel contamination. 

The consequences FCU failure and failure re- 
duced life fuel pumps are serious. They affect safety, 
reliability, economy and, the military case, loss 
defence efficiency. The importance cleanliness fuel, 
therefore, cannot overemphasized. 


WATER CONTAMINATION 
will noted that there has been reference 


far water contamination fuel. This does not imply 


that not serious problem where exists. Fortun- 
ately water contamination not common and, when 
does occur, the existing water strippers (if serviceable) 
good job. the water strippers are unserviceable 
and free entrained water present, can readily 
detected observing the sight glass. addition water 
drain taps are provided most filtration equipment and, 
from observation, they appear checked daily 
most places. The presence rust invariably clear 
indication water contamination and shows that the 
filtration equipment not operating properly that the 
handling personnel are not fully discharging their re- 
sponsibilities. 

recommended that fuel should constantly 
sampled during aircraft refuelling for free entrained 
water. least one oil company and one filter company 
are understood developing devices which will 
automatically monitor the fuel for water contamination 
during refuelling operations. 

One method checking for the presence water 
place small quantity food colouring dry 
transparent container and introduce sample fuel 
drained off from the water drain tap. Any free water 
present will dissolve the food colouring and readily re- 
veal itself. Entrained water, course, will impart 
cloudy appearance the fuel; the fuel should always 
clear. 

Dissolved water not considered problem within 
the scope this paper inasmuch has never been 
associated with component failures. 


RECOMMENDATIONS FOR EXISTING FACILITIES 

have certain fuel and certain storage facilities and 
dispensing systems which cannot changed overnight. 
The immediate problem how achieve the best re- 
sults with the available tools hand. 


Fuel 

Major factors the selection fuel are safety, de- 
pendability and economy. 
Safety 

JP4 more dangerous than gasoline and be- 
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lieved that air accident has yet been attributed 


vapour explosion. 
Dependability 


For reasons stated earlier this paper, believe that 


fuel pumps are likely more using Kero- 
sene than using JP4. JP4, exists the present 


time, will continue limiting factor the life 


fuel pumps current turbine engines Canadian 
craft. 


Economy 


Basic price today not the only factor 
sidered making choice fuel. view the in- 


creasing use turbine powered aircraft and the exten- 
sion use other Kerosene burning equipment, such 
diesel locomotives, the availability fuel for aviation 
use, particularly time war, must given due 
weight. 

believed that relatively few “crudes” are 
able producing satisfactory straight-run Kerosene 
(“straight run” fuels not call for elaborate and costly 
estimated that the present time only 
about 5°% available crude oil can made into satis- 
factory aircraft Kerosene, while about 50% can made 
into wide cut JP4 fuel. 

From the foregoing, obvious that JP4 the more 
attractive fuel. opinion, work should instituted 
the oil companies bring the lubricating properties 
JP4 into line with those Kerosene, this possible 
chemically and economically, and with. acceptable de- 
partures from other requirements the specification, 


the alternative accept some life limitations exist- 


ing fuel pumps. 


Storage 
Settling Time 
has been emphasized that settling time great 


with some forethought and organization should 


relatively easy ensure that provided for. 


storage tanks are course first essential and there are 
very few places where there only one storage 


Settling rates for micron particle hydrated rust 


AVGAS and Kerosene are follows: 

AVGAS approx in/hr 60°F and 0.73 

Kerosene 
micron particle would take times longer 
AVGAS and times longer Kerosene, namely 
0.85 in/hr and 0.065 in/hr respectively. 

The existing recommended settling times for 
sene are based not the calculated figures but the 
fact that since the “generally accepted (oil) 
standard settling time for AVGAS min/ft 


approx 5.5 in/hr 60°F and 


depth” then Kerosene, requiring approximately 
these recommendations with the actual settling 
given above and hoped that the parties 


are able justify the existing standards will 


sider making new recommendations, especially for 


fuel. 
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Input Filtration 

The foregoing should emphasize the need for mic- 
ronic filtration the side bulk storage system. 
Generally speaking, appears that fuel being supplied 


main storage tanks not filtered 


ife 


con- 


Suction 
The majority installations employ bottom ‘suction. 
The possibility modifying existing facilities from bot- 


tom floating suction should considered and the 
following points should borne mind. 
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(1) The best available micronic filters should em- 
ployed with piping modified necessary permit 


filtration “in” well “out” storage. 


(2) Periodic sampling should adopted using 
method such that developed TCA and Im- 
perial Oil which outlined the Appendix. 

(3) Fully informed personnel should held respon- 
sible for fulfilling all specified requirements. This 
will mean educational program and the possi- 
bility creating “Fuel Technician” grading, re- 
quiring definite training and qualifications, should 
considered. 

(4) Procedures and schedules for changing elements, 
checking and calibrating gauges and cleaning out 
filter units should laid down and rigidly en- 
forced. 

(5) Full inspection procedure fuel units should 
laid down and rigidly enforced. 

(6) Newly fitted pipe lines hoses downstream the 
filter should flushed with 10,000 gals filtered 

(7) Refilling stack pipes should have prevent 
unnecessary disturbance sludge the bottom 
the tank. 


Dispensing systems 

connection with the dispensing systems certain 
rather than replace existing regulations. These are 
follows: 

(1) Trucks used transport and dispense JP4 should 
not carry any other fuels. 

(2) Tanks and piping should lined with epoxy resin 
(Insulation this fashion may in- 
troduce serious hazard with existing fuels and 
the effect the rate discharge electrostatic 
may require 

(3) The best available filtration equipment should 
employed. 

(4) Upon defuelling, the fuel should filtered back 
storage truck tank via truck filters. 

(5) Sampling equipment should installed fuel 
nozzles. 

(6) Adequate vent filtration should provided. 

(7) “Tight fill” connections should employed 
available; otherwise great care should taken 
ensure that contamination not introduced 
through manhole covers during truck refuelling. 
(“Bottom fill” also safety recommendation 
means reducing generation dangerous 


June, 1958 


(8) Procedures and schedules for changing elements, 
checking and calibrating gauges, cleaning out filter 
units and thorough inspection (against check 
sheet) should laid down and rigidly enforced. 
Existing procedures and schedules should re- 
viewed ensure their accuracy. 

(9) New refuelling hoses should flushed with about 

10,000 gals fuel. 


(10) Nozzle screens should checked and cleaned 
daily. 
(11) Hose nozzles should never laid the ground 
and should suitably capped when not use. 
RECOMMENDATIONS FOR THE FUTURE 
Having ensured that present equipment being used 
the best advantage the light experience, 
should consider what further steps can taken and 
perhaps specify features which should incorporated 
future fuel handling installations and techniques. The 
following recommendations are put forward: 


Main Storage 

(1) Stainless steel lined storage tanks 
(2) Horizontal tanks 

(3) Floating suction 

(4) Micronic filtration “in” and “out” 
(5) Revised settling times 

(6) Rigid inspection procedures 

(7) Rigid maintenance records 

(8) Constant sampling 


Fuel Truck 

(1) Stainless steel lined tanks 

(2) Pressure re-filling fill” fuelling orifice 

(3) Filter vent 

(4) Water stripper/filter combination and “polishing” 
filter series 

(5) All fuel pumped truck, whether fuelling de- 
fuelling, should pass through micronic filters 
(4) above 

(6) Fine nozzle screens, such stainless steel 1400 mesh, 
should considered 

(7) Non-metallic nozzle spouts might considered 

(8) Constant sampling fuel nozzle 

(9) Nozzles capped when not use 


CONCLUSION 

hoped that this paper will helpful 
recommendations accepted the spirit which they 
have been given. The opinions expressed are based 
own observations and enquiries and believe that 
only improvement can result from informal investiga- 
tions this nature. 

must thank all those who cooperated supplying 
information, both oral and written, and particularly the 
Engineering Department Trans-Canada Air Lines. 
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determine fuel contamination: 


(1) 
(2) 
(3) 


(4) 
(5) 
(6) 


(7) 
(8) 


(9) 


APPENDIX 


M.M, Millipore Membrane 
Weigh M.M. 
Place M.M. drying oven 210°F for minutes 


Place M.M. dessicator for minutes, then 
weigh and record 


Install M.M. special plastic container 
Install plastic container “bomb” 


fuel from nozzle refuelling 
hose where else desired 


Remove plastic container and cap orifices 


Flush plastic container using pre-filtered petroleum 
ether 


N.B. Particle free solvent referred obtained 
filtering through M.M. four times and 
observing the Tyndall effect. 

Repeat above 
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SECRETARY’S LETTER 


WOULD seem the Secretary’ job visit all the 
Branches least once the course year. 
1957-58, sorry say, failed. apologies are 
due Montreal and Cold Lake. Although never at- 
tended Branch meeting Montreal, did spend two 
days with them the occasion the Meet- 
ing last fall; but never got Cold Lake all, for 
which must blame the weather which prevented 
leaving Edmonton when was there January. shall 
try better the next twelve months. 


TORONTO 

visit the Toronto Branch was put off the 
eleventh hour but did succeed attending their An- 
nual General Meeting the end April. always 
the case when visit Toronto, found that the geo- 
graphy had changed completely and many friends 
had not changed all. 

The Toronto Branch ended the fiscal year with 701 
members; addition were lost during the year for 
the contention that the Branch, Branch, too big 
but, any event, interesting remember that, 
when the CAI was formed four years ago, thought 
that the total membership the whole Institute might, 
with reasonable luck, exceed 650 some day! 


STUDENT SECTIONS 

Another brief excursion Headquarters staff was 
made Mr. Taylor Kingston the 30th April. 
attended meeting the Ottawa Branch Student Sec- 
tion the RMC. hope that the coming year the 
Ottawa Branch will able develop the very promis- 
ing relationship that has been established with their 
rather remote Student Section during the last season. 

The organization satisfactory Student Section 
Montreal has always presented difficulties, chiefly, 
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think, because there are many academic institutions 
that city that our Student members seem segre- 
gated into many watertight compartments. know 
that this problem has been receiving some attention from 
the Montreal Branch during the past year and there 
reason believe that solution now not far away. 


the meantime, the Student Sections the To- 
ronto and Vancouver Branches, good they are, ought 
attract more students. The Toronto Branch, suggest, 
might make some inroads into the Ryerson Institute 
Technology; and Vancouver might try interest the 
University British Columbia. 


Student affairs are pretty quiet just now but the 
Branches might little planning, ready for the 
beginning the academic year. 


FIRST INTERNATIONAL CONGRESS 

Since the Journal not issued July and August, 
this last opportunity draw attention the First 
Congress the ICAS, which will held Madrid 
early September. notice about appeared page 
132 the April issue. 


have the necessary application forms here and 
hope that shall soon have fairly full information about 
the programme and other arrangements. will 
important meeting and anyone going over Europe 
the latter part the summer owes himself pro- 
fessionally try attend. 


THE NEXT TWELVE MONTHS 


(1) FIRST CONGRESS THE AERONAUTICAL SCIENCES 
8th 13th September, 1958 
Madrid, Spain 


Forms application attend this International Congress and particulars 
the programme may obtained from the Secretary the CAI. 


(2) ANNUAL JOINT IAS/CAI MEETING 
7th and 8th October, 1958 


Chateau Laurier, Ottawa 


For outline the programme see page 199; details will sent all 
members August. 


(3) SPECIAL ANNIVERSARY MEETING 
23rd and 24th February, 1959 
The Queen Elizabeth, Montreal 


the 23rd February, 1909, Mr. McCurdy Dr. Alexander 
Graham Bell’s Aerial Experiment Association made the first flight British 
Subject the British Empire, Baddeck, Nova Scotia. The theme this 
meeting. will “The Next Fifty Years”; the CAI will look towards the 
possibilities the Centenary Mr. McCurdy’s flight. 


(4) ANNUAL GENERAL MEETING 1959 
15th, 16th and 17th June, 1959 
Keltic Lodge, Ingonish, Nova Scotia 


This will ordinary Annual General Meeting; 1959 will ordinary 
year. The Meeting will include visit Baddeck celebration the 50th 
Anniversary powered flight Canada. 


APPOINTMENT NOTICES 


The facilities the Journal are offered 
free of charge to individual members of the 
Institute seeking new positions and Sus- 
taining Member companies wishing to give 
‘notice of positions vacant. Notices will be 
published for two consecutive months and 
will thereafter be discontinued, unless their 
reinstatement specifically requested. 
Box No., to which enquiries may be ad- 
dressed (c/o The Secretary), will be as- 
signed to each notice submitted by an 
individual. 

The Institute reserves the right decline 
any notice consi unsuitable for this 
service temporarily withhold publica- 
tion circumstances demand. 
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Positions Vacant 


Senior Technical Illustrators: Vacancies 
exist for experienced men with mini- 
mum five years experience aircraft 
illustration work. Five day, forty hour 
week. Usual fringe benefits after quali- 
fying period. Send details qualifica- 
tions, education, experience etc. 
Industrial Relations Manager, North- 
west Industries Limited, Box 517, Ed- 
monton, Alta. 


Technical Assistant: exists 
for Technical Assistant with back- 
ground experience related the 
overhaul gas turbine fuel systems and 
accessories. Education Engineering 


Standard equivalent (Higher 


tional Certificate). Applications should 
made writing only, giving 


plete outline education, experienct 


and salary required Assistant 


Ltd., Box 1400, Station Montreal 
Que. 
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BRANCHES 


Vancouver 


Reported Van Horne 


April Meeting 

The Annual General Meeting the 
Vancouver Branch was held 
Thunderbird Room the 19th April 
and was attended 125 members and 


guests. 


Mr. Ollis, Chairman, opened 
the business meeting 
briefly the activities the Branch dur- 
ing the past season. 

Copies the Executive Committee 
annual report having been circulated, 
members were asked for comments. 
was moved and seconded that the report 
recorded. 


Since there had been further 
nominations for the proposed slate 
officers for the season 1958-59, Mr. Ollis 
then introduced the new Executive. Af- 
ter wishing the new Executive well 
the coming season, the rostrum was 
turned over the new Chairman, Mr. 
McWilliams. Mr. McWilliams 
closed the business meeting express- 

ing the hope that our 1958-59 season 
would one further progress the 
Vancouver Branch. 

Dining and dancing followed until 
midnight. 


Toronto 
March Meeting 


The last regular meeting the To- 
ronto Branch was held the 11th 
March with Mr. Ames Chair- 
man. Attending the meeting were 
members and guests. The speaker for 
the evening, Mr. O’Malley Bell 
Aircraft, was introduced Dr. 
Johnston and, following his talk, was 
thanked Dr. Henshaw. 

Mr. O’Malley, who has had consider- 
able experience with VTOL aircraft 
Bell, outlined some the basic para- 
meters and discussed some extent 
initial studies which took place 
determine the best approach 
VTOL aircraft. his paper, the 


speaker discussed the basic principles, 
such thrust-weight ratios and angle 
incidence related flight path, and 
other important factors including the 
for the decisions selecting 
engine pods and wing con- 
figurations. 
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result the above discussion, 
Mr. O’Malley showed quite clearly why 
Bell built their first prototype VTOL 
aircraft with rotatable thrust centre 
line from existing hardware, such 
Cessna wing and Bell helicopter un- 
dercarriage etc. 

discussion the first prototype 
airplanes together with slides and films 
made this talk one the most interest- 
ing the Toronto Branch this year. 

During the latter part Mr. 
ley’s discussion, outlined 
bilities and potential VTOL 
not only military aviation but 
commercial applications. considered 
that the same principles which applied 
the existing Bell VTOL aircraft 
should applied commercial air- 
craft since this approach great 
economic value not only for the airlines 
but for those responsible for airport 
facilities and, runways. 
The speaker stressed the importance 
commercial operations the reduction 
time getting the passengers from 
the heart city the airport which, 
effect, would considerably reduce 
block block speeds. 


Winnipeg 
March Meeting 


Thirty-two members and eight guests 
attended the March meeting the 
Winnipeg Branch which was held 
the Westinghouse Auditorium Tues- 
day, 25th March. This meeting took the 
form Symposium missiles. Mr. 
Hovey, Branch Chairman, acted 
chairman the symposium, which 
Mr. Sevier and Mr. Fuller 
Bristol and Professor Maccabee 
the University Manitoba took 
part. 

Mr. Sevier opened the discussion with 
outline the progress which had 
been made the missile field, illustrat- 
ing his discussion with projections 
photographs tracing the evolution 
the missile from the comparatively 
short range support types the inter- 
continental ballistic missile. Mr. Sevier 
enlarged the problems associated 
with various types missiles and the 
differences geometry which had de- 
veloped between the British and Ameri- 
can technical programmes. 


Prof. Maccabee followed, dealing 
with, primarily, propulsion aspects 


missiles. first reviewed the possible 
field propulsion units which would 
used missiles during the immediate 
future. dealt with the limitations 
air breathing engines, particularly with 
regard the effect reduced pressure 
altitude engine performance, and 
also the over-riding limitation kinetic 
heating. 

This had led the choice rocket 
propulsion, especially with the use 
solid rockets, ‘for all except those roles 
explicitly requiring air breathing en- 
gines, such low altitude long range 
missiles like the Snark. 

Prof. Maccabee illustrated his talk 
with further projections missile 
photographs and also very compre- 
hensive coverage charts which 
had prepared, illustrating the effects 
the various factors imposed 
rocket during flight the extremes 
altitude encountered such operations. 

The third member the panel, Mr. 
Fuller, then gave outline the 
progress made connection with guid- 
ance systems. Mr. Fuller covered the 
field electronic guidance missiles, 
explaining that unfortunately much 
the progress which had been made this 
connection was such nature that 
only those intimately working with 
could give comprehensive review 
the details and such people were invari- 
ably restricted security considera- 
tions from discussing such details. How- 
ever, even with the limitations thus 
imposed, Mr. Fuller gave the meeting 
considerable coverage the problems 
arising and the approaches solutions 
the field weapons guidance. 

The meeting then saw film which 
had been produced the British War 
Office the German Rocket. This 
film, which covered one the early 
developments ballistic missiles, still 
had surprisingly modern look 
terms the principles which were 
being applied modern missile opera- 
tion. 

Mr. Davidson thanked the 
speakers the close the meeting. 


May Meeting 

This was the Annual General Meet- 
ing the Branch and took the form 
dinner, following which Reports 
were presented the Executive Com- 
mittee and the Committee Chairmen. 

The highlights the Reports indi- 
cated continued slight growth mem- 
bership whereby losses due transfers 
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etc. were more than made new 
membership affiliations. Some concern 
was expressed that substantial percent- 
age membership were not attending 
monthly meetings and was suggested 
that further action would necessary 
this regard. 

The finances the Branch were 
satisfactory far CAI funds were 
concerned although there was some 
problem losses the social activi- 
ties, which would require concerted 
effort the future. 

Following the report from Mr. 
Hovey, the retiring Chairman, the new 
Executive were introduced the mem- 
bership. 

the close the dinner the meet- 
ing was addressed Mr. Ross Screa- 
ton, President the Winnipeg Flying 
Club, who also President the 50th 
Anniversary Co-ordinating Committee 
Winnipeg. Mr. Screaton outlined the 
objects the Committee and asked 
for support the CAI membership. 

Following this those assembled saw 
two films, the first flight the Avro 
Arrow and the initial film High 
Speed Flight. 

There were members and guests 
attending the meeting. 


Halifax-Dartmouth 
Reported Lt. Turner 


April Meeting 

The second Annual Meeting the 
Halifax-Dartmouth Branch was held 
the cinema the CPO’s Mess, HMCS 
Shearwater, the evening the 
April. total thirty-eight members 
and guests were present. 

The Chairman, Mr. Garrard, 
presented the Annual Report which 
showed that the Branch was rela- 
tively sound financial position. 

The Branch was honoured have 
Mr. Luttman, Secretary the 
Institute, present for the meeting. After 
being introduced the members, Mr. 
Luttman briefly reviewed the progress 
the Branch noting particularly the 
substantial increase membership. 

The Chairman then gave 
sumé the Branch activities over the 
past year. The Chairman also expressed 
his thanks, behalf the Branch, 
the CPO’s Mess for making their Mess 
available for the meetings throughout 
the current season. 

The business portion the meeting 
was. concluded the report the 
election Officers for the 1958-59 
season. 
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Halifax-Dartmouth Branch Executive Committee 1958-59: 
CPO Sabourin (Chairman), Mr. Wallworth (Vice-Chairman), 
Lt. Turner (Secretary), Mr. Garrard (Councillor), CDR Morris 
(Councillor) and Lt. Davis 


After short intermission, film en- 
titled “High Speed Flight: Approaching 
the Speed Sound” was shown. The 
meeting closed with short address 
from the incoming Chairman, CPO 
Sabourin. 


Edmonton 


April Meeting 

The Edmonton Branch held its April 
meeting the RCAF Association (700 
Wing) Mess April 16th, 1958, 
8.00 pm. Fifty-five members and guests 
attended. 

Mr. Bristow, Chairman, presided. 

lieu guest speaker, two films 
were shown: 

“High Speed Flight”, the first 
which started with analysis sound 
waves air and the relation the 
speed sound the behaviour high 
speed aircraft. 

“Song the Clouds” told that 
frontiers are marked the spacious 
highways the air. dealt with co- 
operation international air routes 
which concern IATA, The Internation- 
Air Transport Association, and 


ICAO, The International Civil Aviation 
Organization. 


The meeting was then adjourned. 


Calgary 


May Meeting 


The Calgary Branch met the 


stitute Technology and Art 
Thursday, 15th May, 1958, 


elect slate officers for the 
1958-59. Twenty-one members and guests 


were attendance. This rather smal 
attendance was aggravated the ab- 


sence our Student members, 


were elsewhere the building 
going examinations! 

Elected officers for the 1958-59 
were announced. 

The newly elected Chairman, 


posed Branch activities for the coming 


season and stressed the importance 
full co-operation from all members 


ensure that this new Branch gets off 


good start the fall. 

The meeting concluded with 
showing two excellent interest 
namely, “High Speed Flight” and “The 
Super Constellation”. 
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MEMBERS 


NEWS 

Hanna, has joined 
George Kelk Ltd. Assistant Man- 
ager. was formerly Technical 
Assistant the President, Photo- 
graphic Survey Corporation. 

McIntyre, has resigned 
position Assistant General 
Manager Dowty Equipment 
Canada Ltd., take appoint- 
ment Assistant Engineering Direc- 
tor Havilland Aircraft 
Canada Ltd. 

Fox, has been transferred 
from Lockheed’s Georgia Division 
the Missile Systems Division Sun- 
nyvale, where working 
Design Engineer. 

from the RCN and now acting 
the capacity U.K. representative 
for Rolls-Royce Canada Ltd. 


became Works Manager Avro Air- 
craft Ltd., has now been appointed 
Vice-President, Manufacturing. 


Woodill, M.C.A.I., has resigned 


from Orenda Engines Ltd. his ap- 
pointment Production Officer with 
the Department Defence Produc- 
tion. 

Quin, Associate, formerly Senior 
Production Officer, Department 
Defence Production Scottish Avia- 
tion Ltd., Scotland, has been trans- 
ferred Ottawa Section Head 
Airframe and Overhaul. 


Koppernaes, Technical Member, 


the 
Art 
narily 
season 
guests 
small 
the ab- 
under- 


recently resigned his position with 
the Aiuminum Co. Canada re- 
turn Norway take the post 
Manager, Koppernaes Sinner, 
Aalesund. 

Gardener, Junior Member, has 
moved from Vancouver England 
where now works Design 
Draftsman with Sir Arm- 
strong Whitworth Aircraft Ltd. 


DEATHS 


the 
coming 
mbers 
ets 


with deep regret that record 
the deaths Haines, and 
MacDonald, Associate. 

Mr. Haines, who died the 27th 
April, was Production Director Can- 


adian Applied Research Ltd. 


Mr. MacDonald died the 10th May. 


Atthe time his death was General 


Secretary, Canadian Patents and Devel- 


and “The 


opment and General Counsel, Na- 
tional Research Council, Ottawa. 


ADMISSIONS 
meeting the Admissions Com- 
mittee, held the 11th May, 1958, the 


following were admitted the grades 
shown, 
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Member 


Burton, Design Engineer, Lucas- 
Rotax Ltd., Scarborough, Ont.: 
Four Oaks Gate, Toronto Ont. 

S/L Campbell, RCAF, Logistics 
Coordination, AMC HQ, Ottawa, 
Ont.: 894 Eastbourne Ave., Ottawa, 
Ont. 

St. Dannatt, Engineer Canadair 
Ltd., Montreal, P.Q.: 1580 Ouimet St., 
Apt. 28, Ville St. Laurent, Montreal, 

Frenkel, Senior Designer, Air- 
craft (Western) Ltd., 
Man.: Ste 10A Tudor Apts., 281 River 
Ave., Winnipeg, Man. 

Grint, Group Leader, Mechanical 
Design, Canadian Aviation Electronics 
Ltd., Montreal, P.Q.: 1276 Montpellier, 
St. Laurent, Montreal, P.Q. 

Helleboid, Sales Manager, Aviquipo 
Canada Ltd., Montreal, P.Q.: 5948 
Beurling Ave., Verdun, P.Q. 

Jeffery (on transfer from Tech- 
nical Member) 

Keedwell, Chief Draftsman, Can 
Aero Consultants Ltd., Toronto, Ont.: 
Nugent Rd., Toronto 15, Ont. 

Kemp (on transfer from Technical 
Member) 

Leyds, Preliminary Design Engineer, 
Avro Aircraft Malton, Ont.: 
Parent Ave., Downsview, Ont. 

MacDonald, Sales Engineer, Vapor 
Heating (Canada) Ltd., 3955 Courtrai 
Ave., Montreal, P.Q. 

Mackenzie, Defence Production 
Officer, Dept. Defence Production, 
Ottawa, Ont.: Rural Route, Cantley, 
P.Q. 

MacNaughton (on transfer from 
Technical Member) 

Oates, Stress Engineer, Avro Air- 
Ltd., Malton, Ont.: Hill 
Heights Apt. 39, Toronto 14, 
Ont. 

Surgeon LCDR (P) Oliver, RCN, 
Officer, HMCS 
Shearwater, N.S.: Firefly Terrace, 
Shearwater, N.S. 

Palmer, Section Head, Repair 
and Overhaul Group, Service Dept., 
Canadair Ltd., Montreal, P.Q.: 1715 
Edouard Laurin Apt. St. 
Laurent, P.Q. 

Head, Aircraft Electrical Accessories, 
AMC HQ, Ottawa, Ont.: Rigel 
Rd., Ottawa Ont. 

Strong, Office Supervisor, Com- 
mercial Aircraft Dept., Northwest In- 
dustries Ltd., Edmonton, Alta.: 10933 
Ave., Edmonton, Alta. 

Walsh, Superintendent Mainten- 
ance, B.C. Air Lines, Ltd., Vancouver, 
B.C.: 5980 Columbia St., Vancouver, 
B.C. 


Walton, Combustion Engineer, 
Orenda Engines Ltd., Malton, 
Raven Rd., Toronto 15, Ont. 

Watson, Engineer, Special Pro- 
jects Group, Dept. 7002, Avro Air- 
craft Ltd., Box 4004, Terminal 
Toronto, Ont. 


Unger (on transfer from Technical 
Member) 


Technical Member 

Benjamin, Toolmaker, Enamel 
and Heating Products Ltd., Aircraft 
Division, Amherst, N.S.: Chamber- 
lain St., Amberst, N.S. 

LCDR (P) Burns, RCN, Staff 
Officer Air Flag Officer Naval Di- 
vision, HMCS Patriot, Catherine St. 
N., Hamilton, Ont. 

F/O Cockburn, RCAF, Test Pilot, 
AAED/CEPE, Cold Lake, Alta.: 
Officers’ Mess, RCAF Stn. Cold Lake, 
Alta. 

Gale, Design Draftsman, Avro Air- 
craft Ltd., Malton, Ont.: Datchet 
Rd., Downsview, Ont. 

F/O Hicks, RCAF (on transfer from 
Student) 

Lt. Langford, RN, Engineering 
Officer VT-40 Squadron, HMCS 
Shearwater, N.S. 

Millman, Defence Scientific 
Service Officer, Naval Research Estab- 
lishment, Dartmouth, N.S.: 421 
sor Apt. 26, Halifax, N.S. 

Murray, Electronics Supervisor, Spar- 
tan Air Services, Box 551, Ottawa, 
Ont. 

Phillips, Instructor, Provincial 
Institute Technology and Art, Cal- 
gary, Ave. N.E., 
Calgary, Alta. 


Junior Member 

F/O Causier, RCAF, (on transfer 
from Student) 

Hennig (on transfer from Student) 


Student 

Hofmann, Sir George Williams 
College, Montreal, P.Q.: 715 Gros- 
venor Ave., Westmount, P.Q. 

F/C Canadian Services 
College, Royal Roads, Victoria, B.C. 

Wells, Nova Scotia Technical Col- 
lege, Halifax, N.S. 


Associate 

F/O Albrecht, RCAF, (on transfer 
from Student) 

Lt. Waite, RCN, Aircraft Provision- 
ing Officer, Directorate Aviation 
Stores, Ottawa, Ont.: Wychwood 
Dr., Aylmer, P.Q. 
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SUSTAINING MEMBERS 


NEWS 


Orenda Engines Limited has an- 
ncunced programme technical as- 
sistance Bavarian Motor Works 
(BMW) Munich, the company de- 
signated the West German Govern- 
ment repair and overhaul Orenda 
turbojet engines which power the Can- 
adian-built Sabre aircraft the Ger- 
man Air Force. 


The programme calls for technical 
assistance “where and when needed”. 
This will include among other things 
the training BMW personnel both 
Germany and the Orenda plant 
Malton, assistance setting pro- 
cedures and the purchase some 
capital equipment. Orenda will supply 
the necessary tooling. Spare engine parts 
will supplied from Orenda’s 
plant when repair and overhaul 
programme gets underway. 


Orenda man already Munich 
Resident Technical Representative 
the BMW plant. 


The Company also 
formation subsidiary company 
supply diesel power units Canadian 
industry. The name the subsidiary 
company Orenda Industrial Limited. 
will take over and expand the opera- 
tions Brush Aboe (Canada) Limited, 
Brush Group Sales (Western Canada) 
Limited, and Brush Aboe Incorporated 
New York. Head Office will 
Toronto, with branch offices Van- 
couver and Montreal. 


Initially Orenda Industrial will mar- 
ket and service products supplied 
the Brush Group companies 
U.K., including full range the well 
established diesel lines Petter, Petter- 
Fielding, Mirrlees, National, McLaren. 
Manufacturing Canada will take 
place long-range basis proves 
necessary. 


The Brush Group has over years 
experience the diesel and electrical 
fields and manufactures, among other 
products, complete line en- 
gines ranging from 4,000 
for industrial and 


Canadian Applied Research Limited 
has concluded agreement with Robot 
Berning Co., Dusseldorf, West 
Germany, whereby the Canadian com- 
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The ceremony handing over the Argus 
Maritime Air Command 


pany will handle the camera products 
this firm for the industrial and scien- 
tific field Canada. 


Robot Berning Co. have been 
manufacturers fine amateur and in- 
dustrial cameras for many years and are 
world renowned for their engineering 
and workmanship. 


also learned that the Canadian 
Applied Research Navigation Com- 
puter System has been chosen the 
Belgian Air Force for installation its 
Canadian-built CF-100 jet interceptors. 


Under joint Canada-U.S. mutual aid 
arrangements the Avro Aircraft 
are being supplied the Bel- 
gian Air Force. Delivery the aircraft 
RCAF aircrew has already begun. 
expected the order will completed 
this summer. Canadian Applied Re- 
search technical will 
supervise the installation the naviga- 
tion equipment Belgium. 


While the amount the R-@ con- 
tract has not been disclosed, ex- 
pected approximately $1,000,000. 
This one the largest orders for 
Canadian designed and manufactured 
electro-mechanical instrumentation 
equipment ever secured outside Canada 
peacetime. 


The Toronto company’s device 
won the contract competition with 
other systems manufactured elec- 
tronics and instrumentation firms 
North America and Europe. Adoption 
the the Belgians now means 
there will two similarly equipped air 
forces NATO. Canada’s 
Europe are installed with the sys- 
tem. Other NATO air forces may soon 


adopt the R-@. being 


the French Air Ministry and the 


Royal Swedish Air Board. 


Canadair Limited has provided 
the ceremonies held 
N.S., the 17th May, when the Chief 
Air Staff, Air Marshal 


bell, officially turned over the 


Maritime Air Command. 
graph showing Vice-Admiral 
DeWolf, Chief Naval Staff, address- 
ing the gathering appears this page, 

Five Argus aircraft were 
wood for the ceremony; all, ten have 
flown date. The Argus will replace 
the Neptunes now used No. 
Squadron Greenwood and the Nep- 
tunes will transferred Comox, 
B.C., where they will replace 


drant refuelling facilities for jet 
Gander Airport. 

The system will ready time 
supply trans-Atlantic flights 
American Airways with the first Boeing 
707 come off the production 
Pan American racing first 
operate commercial trans-Atlantic jet] 
service. Initial flights are expected 
July and scheduled passenger 
planned for the fall. 


The jet fuel facilities will incor 
porated new hydrant system for 
aviation gasoline which Imperial 
building Gander months ago. 
$1,000,000 installation will replace 
smaller hydrant system which handled 
only the aviation gasolines used 
ton-type engines. additional 
000 has been spent Lewisporte 
dockside tankage needed 
Gander. 


Fuelling from hydrants recessed 
low the runway, rather than from 
trucks, the most efficient way 
vicing large jet airliners. For 
would take four ordinary 
fuel the 124-passenger Boeing 707 fot 
trans-Atlantic flight. 


Imperial Oil’s new hydrant system 
Gander has these recessed 
drants. They supply three 
fuels aircraft parking “circles 
Other petroleum products are delivered 
the airport tank trucks. 
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